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PREFACE TO THE SECOND VOLUME. 


Althouqh, as I stated in my Preface to the First Volume 
of this work, I began to examine into the subjects connected 
with the shot gun and rifle a quarter of a century ago, I had 
not kept my knowledge on a 16vel with the great progress 
made in the latter arm during the last few years. When Sir 
Joseph Whitworth promulgated the results of his experiments 
in 1858, I took considerable pains to ascertain their value, 
not only from a military point of view, but also from that of 
the sportsman; and for some years after the institution of the 
annual trial of small bores by the National Bifle Association, 
I carefully attended them at Woolwich, and duly reported the 
results in the Field, as well as the shooting of the selected 
rifle at Wimbledon. After some few years, however, they 
ceased to be of much value to the sportsman, and the 
pressure of other matters induced me not only to forego all 
allusion to the trials, but also to discontinue the reports of 
the Wimbledon Meetings. The result was that, when, aftmr 
the publication of the first volume, on the shot gun, I had 
to turn my attention to the rifle, I found that I was several 
years in arrear; and it was necessary to work this up before 
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venturing to publish the second — ^which must be my excuse 
for the long interval between them. 

The first thing to be done was to admit my ignorance^ and 
at the same time to ask for the information required from the 
recognised authorities on the subject. Accordingly I appealed 
to Sir H. Halford^ Mr. Metford^ Mr. Henry, Mr. J. Eigby, 
Mr. P. Osborne, and Mr. H. Holland for their opinions on 
several vexed questions ; and to these gentlemen I am greatly 
indebted for their courteous compliance with my requests. 
With their aid, supplemented by a public trial, which I 
held in the autumn of last year, I have been enabled to 
satisfy myself as to all the points referred to them, and 
I hope my readers will be able to agree with my con- 
clusions. In the general details of manufacture I have 
also been greatly assisted by Mr. Osborne, whose thorough 
knowledge of all matters connected with the manufacture and 
use of rifles has been fully placed at my disposal. To my 
friend T.” was entrusted the theoretical portion of the work, 
and his signature will, I am sure, be accepted as a sufficient 
guarantee for its being fully up to the mark ; indeed, I may 
congratulate myself as well as my readers on the manner in 
which he has accomplished his task. 

From these remarks it may be gathered that the part which 
I have taken in compiling this second volume has been rather 
that of an editor than an author, and if the results are 
satis&ictory to my readers I can only take credit for the 
careful selection of reliable information from the large mass 
which has been placed at my disposal. In every case I have 
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personally examined into the matter, and satisfied myself as 
to the truth of the statements made, so that I hold myself 
responsible for them. Indeed, the amount of correspondence 
necessary for this purpose has entailed on me far more labour 
than was absorbed in the preparation of Yol. L, which I wrote, 
evarente eahmo, in a few months. 

Having thus fully explained the position which I hold in 
reference to the following pages, I lay them before the public, 
in the full belief that they merit and will receive a still more 
flattering reception than that which was accorded two years 
ago to my treatise on the shot gun. 

J. H. WALSH (“Stonbhbngb”). 

Putney, 

July 3rd, 1884. 
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MODEEN SPOETSMAN’S 
GUN AND EIELE. 

VOLUME 11. 

THE SPORTING RIFLE AND ITS 
AMMUNITION. 

BOOK III —DEFINITIONS, ETC. 

CHAPTER I. 

INTRODTTCTORY REMARKS. 

In pursuance of the plan adopted throughout the first 
volume of this work, I shall not attempt to give the 
history of the invention of rifling — the process by which 
a single projectile is made to rotate on its axis and thus 
maintain the accuracy of its flight though at a sacrifice 
of velocity. In each division of the present volume it may 
be necessary to make some slight allusion to this subject, 
but a correct and full history of the invention and of 
its progressive stages down to its present perfect condition 
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-woTild occupy far too mach space, and, moreover, lias 
already been folly given to tbe world by my predecessors. 

Before, however, proceeding to describe the varioas kinds 
of rifles at present in use, it will be necessary to define 
numerous terms which most be constantly employed in their 
description, and also to discuss the modem theory of pro- 
jectiles and other kindred subjects, which my friend “ T. 
has kindly undertaken to supply. 



CHAPTER II. 

DEriNITIONS OF TERMS USED IN REFERENCE TO 
THE RIFLE ITSELF. 


THE EEPLE PURE AND SIMPLE— MODE OP PRODUCING ROTA- 
TION— THE MACLEOD BULLET— THE SPORTING RIFLE— THE 
EXPRESS RIFLE— WHAT IS A SPORTING RANGE. 


Definition of the Rifle Pure and Simple, and its Method 
OF Producing Rotation, 

Evert rifle is a gun made nearly in the same way as 
for using shot (see Vol. I., Chap. IV.)> Lut with the interior 
of the barrel afterwards out away so as to form spiral 
grooves of varying shapes and depths, leaving certain 
portions of the original tube untouched, which latter are 
called ^^lands/^ This grooving is effected by a machine, 
which is so arranged that any depth may be cut at any 
angle or " pitch as it is called. The depth varies from 
•lOOin. to 'OOSin. or even less, and the pitch from one turn 
in 16in. to one turn in 6ft. 

The object of this spiral grooving is to impart to a pro- 
jectile (made either of pure lead or a harder alloy of that 
metal) a rotation on its line of flight, by which any tendency 
to depart from it, owing to a want of symmetry in its 
construction, is avoided. The arrow provided with spiral 
feathers is a well known example of this necessity — the 
rotation necessary for its true flight being effected, however, 
after it leaves the bow, as it passes through the air, by means 
of the feathers placed obliquely on its foot. The same plan 

B 2 
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has been often attempted to be carried out with a ball used 
in a smooth-bore gun, and to a certain extent successfully, 
within the last few years, by Dr. Macleod. This gentle- 
man has introduced spiral holes of a conical shape in a 
leaden cylinder two inches long, and by these means he 
can obtain a fairly accurate flight, up to about seventy 
yards. This will be better understood by the following 
description, which was given by me in the Field of Nov. 8, 
1879, after a careful trial of the plan. 


Db. Macleod’s New Smooth-Bobe Cylindbical Bullet. 

During the last twenty years we have examined a great many 
plans for effecting the rotation of a cylinder of lead in a smooth- 
bore by means of internal or external rifling, but in every case 
without any good result. At length Dr. Macleod, a retired Indian 
medical offi(;er, residing at Yockleton Hall, near Shrewsbury, has 
succeeded in effecting this object by the simple expedient of 
making the rifled or twisted internal tubes conical, each of the four 
being reduced from tV of an inch at its mouth to about at its 
exit on the breech end. The opposite engraving shows the form 
of his bullet of the full size. It weighs 2;jOz., and is at present cast 
of hardened lead ; but the inventor proposes ultimately to make it 
by pressure, so as to eliminate the chance of air bubbles in the 
casting, by which he thinks the centre of gravity is thrown on 
one side, and the ball does not maintain its line of flight, as 
now happens occasionally. Behind the ball he places a thick 
wad of indiarubber, which effectually prevents the gas escaping 
through the four tubes, and also from entering the conical cavity 
at the base, which is intended to throw the centre of gravity 
forward. 

Fig. 1 is a perspective view of the ball, showing the four 
openings of the tubes in its fore end and their conical form 
as indicated by the dotted lines. Fig. 2 gives the section of the 
same, showing also the conical cavity in the base. Fig. 3 is a plan 
of the fore end, a a, h &, c c, and d d, each indicating, by dotted 
lines, a rifled or twisted tube, and the amount of obliquity or twist 
in it. In Fig. 4, the four small openings of the tubes are shown 
at a, b, c, and d, together with the large conical cavity intended to 
lighten the base. 
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About six weeks ago we ourselves tried a few of these balls at 
70 yards with 2|drs. of powder, and made excellent shooting with 
them ; but the trial was not sufficiently extended to induce us to 
report it. Last Monday, however. Dr. Macleod obtained the use 
of Messrs. Holland’s range at Kilburn, and also the assistance of 
his “ regulator,” whose skill both with the shot gun and rifle is 
quite A 1. Messrs. Holland had in the interval re-bored the gun 
used chiefly by Dr. Macleod, which is a heavy single-barrelled 12- 
bore, weighing about 81b. ; but we also tried several shots from a 
double-barrelled 12-bore, with nearly equally good results. From 
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these guns a series of shots were taken with various charges of 
powder, the conclusion arrived at by all present being, that at 70 
yards 2Jdrs. will suffice to give excellent shooting, but that 3drs. 
are required for 100 yards, and that beyond that range the 
shooting is rendered wild and unreliable. Having settled these 
points by sundry experiments, we determined to fire the last 
remaining seven balls with 3drs. of powder from the single barrel 
at 100 yards, the result being that six out of the seven shots 
pierced the wooden target screen, each with a perfectly round hole, 
and all within a square of 4in. ; while one of them (the fourth) was 
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7in. from the centre of the square, and had turned over sideways, 
making a hole corresponding with its length in the wood. As to 
penetration, the ball pierced nine and a half 1-inch planks of the 
same wood as was used in Messrs. Holland’s trial, recorded in the 
Field of Nov. 22, 1879. Here, then, we have shooting from a smooth- 
bore equal to that of an Express rifle, with a ball nearly double the 
weight of the spherical ball which must be used in the same bore^ 
whereby, of course, the shock given would be greatly increased ; 
but, whether or no the velocity would be sufficient for an elephant’s 
skull we do not pretend to say, as with a spherical ball in a 12-bore 
it is admitted that 3drs. of powder are insufficient. In any case^ 
Dr. Macleod’s invention is of the highest interest, and opens out 
problems to be solved, not only with regard to sportsmen, but also 
for big guns in war, wherein the rifling seems now to be the main 
difficulty. The balls used fitted loosely but accurately in the gun, 
and the recoil is about equal to that of an ordinary charge of 
powder and shot. 

Messrs. Greenfield and Son, of Queen^s Buildings, Pancras- 
street, London, supply the bullets wholesale, and Messrs. 
Bland, of 106, Strand, are the retail agents. 

In practice, however, it has been found that the ball 
must fit the barrel so exactly (neither too tightly nor too 
loosely) that it is beyond the scope of the ordinaiy sports- 
man, and hence it has not been at all generally adopted. 

But it has been said by many good sportsmen that a 
smooth-bore may be made to shoot spherical balls so truly 
that for many kinds of game it is to be preferred, on 
account of the greater velocity, and consequent increase of 
smashing power. They allege the accuracy of the duelling 
pistol (which was a smooth-bore) in support of their opinion, 
and some even go so far as to assert that up to 60 yards, a 
six inch circle may be invariably hit by a spherical ball 
from an ordinary 12 -bore gun if properly bored. As to 
the duelling pistol, there is no doubt that it could ‘snuff a 
candle at 12 yards, but beyond this distance it was never 
tested, and this is certainly not the range which a sports- 
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man requires. If, however, the six inch circle at 50 yards 
could be depended on, I should be ready to admit that for 
large game it is a most useful weapon ; and with this view 
I have repeatedly tested smooth-bores by various makers, 
but the trial has invariably ended ii disappointment. 
Sometimes the first or second, but oftener further on in 
a short trial, a wild shot has occurred; and of course this 
wild shot may be the one to cost a sportsman his life, when 
charged by any kind of large game. The slightest defect 
in the ammunition or in the muzzle of the gun, will bring out 
this defect, the result being a very much wider circle than six 
inches, as was exemplified in the public trial of rifles recently 
carried out by me at Putney and Nunhead, to which I must 
refer my readers in a future chapter. 

As I have before remarked, this superior accuracy of 
flight is not obtained without some sacrifice in bullet speed 
(shown at short ranges chiefly), but it is much more than 
compensated for, even at ordinary sporting distances by the 
great gain in accuracy of fire ; and at anything approaching 
long ranges, no comparison of work done with the smooth 
bore is possible from its extreme inaccuracy. This rotation of 
the projectile during its flight is rendered necessary by the 
fact that it is practically impossible to obtain an absolutely 
symmetrical and concentric missile — ^that is, one in which the 
centre of gravity is coincident with its centre of figure; 
even with the simplest form of projectile, the spherical 
bullet, this cannot be obtained. Consequently, when dis- 
charged from a smooth bore, and exposed to the resistance of 
the air, an oscillating or wobbling” flight is produced, 
causing a deviation from what should be the true path, and 
this deviation rapidly augments in proportion as the range 
increases. 

With a conical or elongated projectile, as the disagree- 
ment between the centres is more marked, the necessity for 
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the rotation given by rifling is even more imperative. Thus it 
will be seen that the main feature of the rifle is its power 
of overcoming the defects of the projectile, by imparting to 
it a definite rotation, and thereby immensely improving the 
accuracy of fire. That this useful property of rifling was an 
early discovery in the history of small arms there is no 
doubt; but, in the absence of perfect mechanical appliances 
for producing true and well-finished barrels, the full value 
of the invention could not be realised ; and, as a matter of fact, 
it is only during a very recent period that it has been 
found possible to produce rifled barrels free from such 
irregularities of construction as materially impaired their 
performance. This will no doubt account for the small 
estimation in which the rifle was generally held for a long 
time subsequent to its discovery. 

Constitution op the Sporting Eiplb. 

By this term is of course to be understood any rifle, 
whether single or double, made with the intention of killing 
any kind of game, whether at long or short distances from 
the sportsman. It includes, therefore, all the following 
varieties — ^viz,, the rook rifle, either single or double, with so 
small a bore as *220 to *300 ; the various medium bores from 
*400 up to *577, which are now generally made up as double 
rifles, and are used, as we shall hereafter see, for various 
purposes with conical balls ; larger bores from 16 to 12 
gauge, generally used with spherical ball; and still larger 
bores, from 10 to 4 gauge, which are always used for large 
game, with heavy charges of powder and spherical ball. 

These various kinds of sporting rifles may be divided into 
(1) rook rifles, (2) small-bore rifles for long range shooting ; 
(8) small-bore rifles confined to 150 or 200 yards, and 
usually called Express rifles ; and (4) large bores for big game. 
But, further than this, the term admits of several definitions 
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varying more or less in detail ; but we must take a leading type 
of sporting rifle as the groundwork for the most obvious illus- 
trations of this class of arm. That excellent writer, Capt. James 
Torsyth, in his book on Sporting Eifles/^ * gives a tolerably 
good description of what a model sporting rifle should be, as 
then understood, to suit the requirements of a kind of 
sport of considerable importance, and with which he was 
personally most familiar. The then state of development 
arrived at by the rifle manufacturers of the country generally 
is well illustrated in his remarks, unfortunately too long for 
quotation in their entirety ; but his summary (arranged in 
tabular form on page 16), eliminating those points relating to 
muzzle-loaders as obsolete, and those treating of large calibres 
as partly so, will be found to cover and include the charac- 
teristics of a large and important class of sporting rifles. 
His table is arranged as follows : 

(1.) Moderate weight (not exceeding 91b. unless for 
exceptional purposes.) 

(2.) Moderate recoil. 

(3.) SuflScient accuracy at sporting ranges. 

(4.) Sufficient penetration at sporting ranges. 

(5.) Lowest possible elevation at sporting ranges. 

(9 and 10.) Moderately short barrels and general handiness 
and simplicity. 

We here find the qualifications of the average sporting rifle 
fully defined, and nothing so satisfactorily fulfils Forsythes 
conditions as that system of rifle, foreshadowed, it is true, in 
his book, but completed and to a great extent perfected since 
that time, namely, the so-called Express rifle (of average 
power and calibre). Here we have a term requiring further 

* ‘‘The Sporting Bifle and its Projeotiles*’ (Smith, Elder, and Co., London, 
1867), pp. 3 to 18. 
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definition, a task of some difficulty on account of tke wide 
scope and numerous variations of the Express system, as we 
shall presently see. 

What Constitutes an “Eipbess" Rifle. 

This term " Express ” may be understood to mean a rifle of 
ordinary weight and small calibre, Sring a large charge of 
powder and a light bullet, thus delivering the latter at a high 
rate of speed. This bullet is so constructed as to possess the 
power of expanding on impact, and thereby making as super- 
ficially large and severe a wound as the non-expanding bullet 
of a much larger calibre. This arrangement further admits of 
considerable accuracy and a flat trajectory up to a limited 
range, generally considered sufficiently extended for sporting 
purposes. It will hereafter he seen that eveiy requirement 
which a sporting rifle should have for ordinary work is to be 
found in the Express type of rifle and ammunition ; but the 
defimtion depends much more upon the proportions of the 
charge than on any marked peculiarity in the rifle itself. 

In order clearly to settle the meaning of this term, I applied 
to the following gentlemen, whose reputations stand at the 
top of the tree in the estimation of modem sportsmen, for 
their several opinions, viz.. Sir H. Halford, Mr. Metford, Mr. 
John Rigby, Mr. A. Henry, Mr. H. Holland, and Mr. F. 
Osborne. All of them have responded to my appeal in the 
most kind and careful manner, and I need scarcely say that a 
mMs of highly valuable information is thus afforded, as will be 
evident to my readers on a careful perusal of the following 
pages. The opinions originally given were printed and 
circulated among these experts, who have severally criticised 
each other^s remarks. 
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OPINIONS GIVEN ON THE MEANING OF THE TEEM 

“EXPEESS.” 

1.— By Me. METPOED. 

When dangerous game is not to the front, it is a question whether 
a moderate load (not quite Express) is not better, from its greater 
accuracy and less noise, though less smashing in its effect — say 
90gr. C. & H. No. 6, with 360gr. bullet. 

Dangerous game is usually close enough for accuracy to be of 
less importance ; but for other game, which may be a fair distance 
off, speed is valuable — for we must never lose sight of the fact that 
smashing power increases in about square ratio of speed, not merely 
with the speed. 

Definition of Expeess. 

I agree with Sir H. Halford that about 1600ft. per sec. may be 
called the lowest Express rate, which I find will require, in usual 
bores, and usual length of barrel, about 1 of powder to 4 of 
lead (by weight). 

Standaed Eange foe Tbajectoet. 

All my stalking friends tell me that nearly all shots are under 100 
yards. If so, I should think 100 yards would be better than 150 
yards, when trajectory height is to be the standard : but I myself 
prefer initial speed. I think it puts up more satisfactorily : hut I 
am a scientific gunner ^ and not a stalker. 

Light Bullets. 

I think Purdey (years since, in muzzle-loading times) got up 
the greatest speed with the lightest bullet (270gr.) — a double 
belonging to Sir H. Halford. It shot very prettily at 100 yards ; 
but at 150 yards and 200 yards its falling oft', both in speed and 
accuracy, was so serious that I determined on a more stable weight 
(360gr.) ; as, although the greater number of shots are within 100 
yards, yet a stalker does at times chance a long shot, and he dearly 
likes to do it nicely. If I took to stalking, I should not use a bore 
over *420, as a 360gr. bullet in this narrower form would fly far 
truer, and lose less speed. I see some even go for *500-bore for 
Expresses. All I can say is, that I have never yet seen, or 
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authentically heard of, a rifle of -500 using a 850gr. bullet shooting 
well at 100 yards. 

Definition op Shooting “ well ” (see above). 

I mean by “well” that ten shots out of a single- bore at 100 
yards should be covered by the fist, not too tightly doubled up — 
say half doubled up — this being a sort of “ rough and tumble ” 
gauge of Express shooting at 100 yards. Now, one of my B.L. 
match rifles, in the hands of such a man as Major Young, will strike 
a two-shilling piece at 100 yards every time; but the short bullet in 
vogue for Express rifles is so subject to muzzle error that it will 
not start so accurately from the bore as the long match bullet. 
This is why I should go in for '420. Sir H. Halford even favours 
the *408, which he has been working with very much lately ; and 
very possibly it will do very well. One I had made through Mr. 
Deeley (Westley-Eichards and Co.), at Sir Henry’s desire, *408 — 
a miniature, in fact, of my military rifle in all respects — shoots 
beautifully up to 2000 yards (if calm), and at 100 yards like a 
match rifle.* 

I myself do not think a *500-bore should carry less than ISOgr. 
powder, and 425 to 450gr. lead, which would give about 1730ft. 
speed ; but is unnecessarily powerful for deer. Even tigers do not 
require ’SOO-bore, if I may depend on Sanderson, who speaks with 
great care as to the value of life to sportsmen. 


On Teajectory and Fall Compared with Speed. 


The values of the different speeds in trajectory are so little that 
they do not seem so striking as speed statements are — e,g , : 


100 Yards Bangs 


(not allowing for retardation of air). 


1600ft. initial will 
1700ft. 

1800ft. 

1900ft. „ 

2000ft. 

2100ft. 

2200ft. 


Pall in 100 yds. Trajectory, 

give about 6*78 inches 4 » 1*7 inch nearly. 
,, 6*01 „ 4- 4 « 1*5 „ 

,, 5*35 ,, -f. 4 1*34 ,, 

„ 4*8 „ -r 4 « 1*2 „ 

„ 4*34 „ 4 * 1*09 

j» 3*9 „ 4- 4 1*0 „ 

91 3*5 „ 4- 4 ats 0*9 „ 


for you see, by the above, that the whole difference is (between 
1600 and 2200) only 0*8 of an inch. 


• Sir Henry put eighteen out of twenty shots at this range of 2000 yards 
in a vertical of 12ft. by 9ft. wide, without a rest. 
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2.— Bj Mb. EIGBY. 

The Express has no definite meaning at present. It is applied to 
all rifles haring a tolerably high initial velocity, and fitted with 
a projectile more or less hollowed out ; sometimes also to rifles 
fitted with solid projectiles, if only the initial velocity be high. 

The qualities which ought to exist in an Express rifle are low 
trajectory, to render judging distance easy; and sufficient remaining 
velocity in the bullet to flatten it out more or less, and so expend 
its entire energy on the animal. 

A rifle with a very light hollow bullet may be Express (as above) 
up to 100 yards, but not so at longer ranges, the initial velocity of 
the light bullet being rapidly lost. A spherical-ball rifle even may 
for 50 or 100 yards have the same mean velocity as such an 
Express ; but, owing to its shape and solidity, the bullet would 
penetrate without expanding sensibly, and so would miss the 
second quality of the Express. 

Final Definition. 

Any rifle calculated to send an elongated bullet which will flatten 
out more or less on striking flesh, and so expend its entire energy 
on the animal aimed at, and whose trajectory to 200 yards does 
not rise more than 12in. above line of aim, might be called an 
Express. 

Miniature Express. 

Eifles carrying smaller and lighter bullets which flatten as above 
and fulfil the conditions as to trajectory might be called Miniature 
Express rifles. 

Magnum Express. 

Those rifles which carry bullets heavier than 400gr. and fulfil 
other conditions might be called Magnum Express. 

Eate of Spiral. 

It is not proved that a slow spiral or an increasing spiral is neces- 
sary or even favourable to the generation of Express velocities. 

Bottle-shaped Cartridges 

Will develops higher velocity from moderate charges than cylin- 
drical cases — and also exert more strain on the action. 
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Point Blank. 

This phrase has no definite meaning, and is interpreted so 
loosely by different authorities that it ought to be abolished, 
and some measure of the trajectory necessary for sporting rifles 
substituted. Why not fix 200 yards as a standard range, and 
class rifles by the height above line of aim to which bullet 
rises? This can be computed without screens. 


3. — ^By Sib H. HALFORD, Babt. 

Expbess Rifles. 

About thirty years ago the only sporting rifles known were those 
constructed to carry a round bullet propelled by a light charge 
of powder and having a slow spiral ; but, with the invention of 
a plug bullet, a fresh departure was taken. 

In 1859 Mr. Purdey, the well-known gunmaker, made for the 
late Lord Heniy Bentinck three double rifles of 40-bore, taking 
4dr. of powder ; and the same year rifles of the same calibre for* 
Capt. (now Col.) Bateson and Capt. the Hon. W. Wyndham (now 
Lord Leconfield) ; and also one of 50-bore, taking dr. powder, 
for the late Sir St. George Gk)re. Although previously Mr. Purdey 
had been increasing the powder charge, these rifles must be 
considered as the first, of the class now known as Express — a 
term believed to have been first used either by the late Lord 
Henry Bentinck or by Lord Leconfield. In 1864 Mr. Purdey 
made for the late Lord Henry Bentinck two double rifles of 
80-bore, taking 4dr. of powder; and in 1865 an experimental 
barrel of less than 100-bore, taking 4|dr. With this rifle Morri- 
son, his lordship’s stalker, killed seven hinds, and sent the bullets, 
which he recovered, to Mr. Purdey. They were as flat as a 
shilling, and about the same thickness through the centre, the 
edges being quite thin and jagged ; but the rifle was not adopted, 
as the fouling was excessive. In 1865, 70-bore rifles, *408 of an 
inch, taking 4dr., became general. Mr. Purdey also first intro- 
duced the bullet with a small hollow in front for the purpose 
of expansion, which must not be confounded with that of Gbneral 
Jacobs, who was the first to introduce the very rapid twist and 
the hollow front for a shell. 
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The system of heavy charges of powder with modifications as to 
hullet and bore was at once taken np by most of the leading gun- 
makers in this country, and is that most generally in use at the 
present time both in the deer forests of Scotland, and for soft- 
skinned game, as bear, tiger, and all kinds of deer, in India. It is 
also making steady progress in the United States of America. 

As yet there seems to be no absolute definition of what con- 
stitutes an Express rifle, but I think it would be well to class under 
this head all those in which the initial velocity reaches 1600ft. 
per second ; and, as it has been found roughly that this speed will 
be attained when the weight of the projectile is not more than 
about four times the weight of powder used, we may take four of 
lead to one of 0. & H. No. 6 powder as a fair definition of an 
Express, irrespective of calibre of rifle. 

The function of the hollow front to the bullet, used without any 
explosive filling, is that on striking an animal the bullet shall 
open out and become like a mushroom in shape — thus delivering the 
whole of the work done by the powder into the beast fired at; for 
the Express bullet does not as a rule pass entirely through an 
animal. 

Those who have used these rifles are well aware of the fearful 
wounds made by them, due to the meat being driven aside so 
forcibly as in its turn to act destructively on the adjacent parts ; 
but many are not aware that this destructive power is gained at 
the expense of accuracy, and that, after a proportion of about three 
of lead to one of powder, the accuracy of a rifle begins to fall off 
somewhat rapidly. 

Having given a general idea of Express rifles, it will be well to 
describe a little more fully the proportions of those commonly in 
use, and for this purpose it will be convenient to give the calibre 
in fractions of an inch, and the weights of powder and bullet in 
grains. 

The first to notice is — 

Calibre ‘600 ; powder 165 ; lead 850 ; initial speed about 2000ft. per 
second. Should shoot into six inches at 100 yards. Suitable 
for tiger, bear, and large deer. 

2nd. *460 and *450; powder 128; lead 860; initial speed about 1830 
for a 80-inch barrel. Should shoot into four inches. Suitable 
for bear, tiger, and all kinds of deer. 

3rd. *460 and *450 ; powder from 110 down to 90 ; bullet 360. The 
lower charge would give about 1600ft. per second, and is 
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exceedingly accurate. It will shoot into three inches at 100 
yards. Suitable for all kinds of deer. 

4th. *410 and •400; powder 90 ; bullet 350 ; speed 1600ft. per second. 
Will shoot into about 2^ inches at 100 yards, and in my 
opinion is the pleasantest and best rifle for deer; at the longer 
ranges, too, it is more accurate, and retains its speed better 
than the *450 or *460 bullet, and therefore has a flatter trajectory 
and more power. It has also another advantage, in disturbing 
less ground by its lighter report. As most game is shot at 
distances under 120 yards, I think it best to have a rifle sighted 
to shoot 3 inches high at 100 yards. If this is done one can 
be sure of a good hit up to 140 yards, by always aiming about 
the same place. 

Up to 1859 Mr. Purdey used 2^dr. in 40-bore, increasing spiral,, 
final pitch, I think, 1 in 4ft., picket bullet with wings. When he 
increased his powder charges, he still used the picket bullet, and, I 
believe, all through with his smaller gauges ; and only dropped the 
wings when he took to breechloaders. The 40-bore, 2^dT., made 
most extraordinarily good shooting. The trajectory was of course 
high. The drop from 100 to 200 would be 2ft., but the fastest 
Express is 16in. PeojJe are deceived into thinking it less, from the 
habit gunmakers have of sighting their rifles 6in. or more high at 
100 yards. This, at 200 yards, will make a rifle shoot only 4in. low 
at 200 yards, and then they claim that there is only a drop of 4in. 
from 100 yards to 200 yards. I do not like this plan, as more deer 
are shot at under 100 yards than over, and more are missed over 
than under. Moreover, it is almost impossible to make a clean 
head shot at from 50 yards to 100 yards with an oversighted rifle. 
This was one of the causes of bad shooting at the Boers with the 
Martini at close quarters. 

The prints of bullets you send me are just what I have experienced, 
they are so acted on in rifles that are not Express.* A winged ball 
would be equally an Express if its speed was high enough. I should 
not of course consider 2^dr. in a 40-bore an Express; but 4dr. 
would give sufficient speed. 

I think Mr. Osborne is wrong in saying anything about solid or 
hollow bullets in the definition. It is almost impossible to make a 
rifle shoot with both bullets to the same sight, on account of their 

♦ This refers to the engravings of solid balls expanding into a mnshroom form 
when shot into a sand bank, pnblished in the Field in 1858. 
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different weight. If the solid is shorter to bring it to the same 
weight they will do so ; but the Express bullets are most of them 
so short now, that if shortened accuracy is lost. I think the 360gr. 
bullet far more effective than the 260gr. It is steadier, more 
accurate, and gives a more crushing blow. 


4.— By Me. HENRY. 

As promised in mine of the 26th inst., I now send you some 
information bearing on the origin of what are known as 
“Express** rifles. 

My first attempt in the direction of making such a weapon was 
in 1853, when, at the request of the late Robert Cheape, Esq., of- 
Wellfield and Strathtyrum, I made a number of experiments with 
the view of producing a rifle that could be used with a Standard 
backsight only, at all distances up to 150 yards, dispensing with 
the leaves for intennediate distances that had to be employed with 
the rifles then in use. In carrying out theses experiments, I had 
under consideration the gauge of the barrel, the mode of rifling, 
the construction and component parts of the bullet, the lubrication, 
and the powder charge. 

My early experiments were made with a ’451 gauge muzzle- 
loading rifle and 3^ drachms of powder, and, though not quite such 
a success as regards lowness of trajectory as had been anticipated, 
yet the results were so much beyond anything that had previously 
been heard of that I named these rifles “ Low Trajectory.** 

Having altered the sjurality of rifling and increased the charge 
of powder to 4^ drachms, the results were greatly better — indeed, 
nearly equal to that obtained with the most improved rifles of the 
present day. 

In the original experiments carried out at Mr. Cheape’s desire, I 
used bullets of pure lead; but on these being tried practically 
against deer in the forest, they were found to be objectionable, the 
wound made being very large, consequent on the distortion that 
took place in the bullet on striking the animal. I then used lead 
slightly hardened with tin, which gave increased penetration, a 
lower trajectory, and did not make quite such a large wound. A 
farther change in the shape of the bullet reduced the friction 
forward, and aided further in lowering the trajectory. 

During the time or part of the time that I was carrying out the 
experiments, it is very probable that Mr. Pui-dey was similarly 
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employed, as in the year 1855 or 1856 he brought out a rifle which 
he called the “ Express Train,” and the word “ Express ” has since 
been pretty generally used in referring to low-trajectoiy rifles. I 
would not therefore like to claim the entire credit of being the 
first to introduce these rifles, as, if Mr. Purdey was working them 
out at the same time, he is entitled to a share of the credit. I may 
say that when I made my experiments I had not heard anything 
of Mr. Purdey’s, and, so far as I know, no other maker had brought 
out a similar kind of weapon at that time. 

With regard to the minimum muzzle velocity that should con- 
stitute a rifle an “ Express,” I agree with you, that it should not 
be fixed at less than 1600ft. per second. With the *450 rifle, 

5 drams of powder, and my ordinary Express bullet, a velocity of 
about 2000ft. is developed, which I think is about the maximum 
that can be obtained. 

I do not know whether you will be dealing with anything but 
sporting rifles, but may just mention that I was very early in the 
field with a long ral!hge-rifle. In 1852 I carried out some experi- 
ments in presence of the late Mr. Ellis, M.P., and Capt. Horatio 
Boss, at Bells Mills, Edinburgh. The rifling which I used was 
three shallow segmented grooTes, and the trials were so satisfactory 
that the results were communicated to the War Office, and in 1853 
the Enfield rifle rifled, on the same principle, was produced. 


5.— By Mb. P. OSBOENE. 

If we look back at the sporting rifle for dangerous game about 
and a little before 1870, we may be enabled to realise most of 
the qualifications a perfect Express rifle should have. At that 
period sporting rifles were mostly of large calibre, ranging from 
24 to 12 bore as a rule, and constructed to fire either a spherical 
ball with a slow pitch of rifling, or an explosive shell, or an 
elongated bullet with necessarily a more rapid spiral. These 
systems were found to be unsatisfactory; the former, though 
giving a flat trajectory to about 80 yards, required elevation 
beyond that range, and in the matter of accuracy of diagram it 
was far from perfect. Its killing powers, unless used with charges 
of powder not to be borne in portable rifles, led to the adoption 
of the explosive shell — a costly, complicated, and in many points 
an unsatisfactory arrangement. The elongated bullet rifles, with 
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their quick turn, were much more accurate even at considerable 
distances, and in this had a marked superiority over their rivals, 
but were much inferior to them in the matter of trajectory, 
requiring an elevation for every 50 yards ; in killing power, in 
most cases, they were deemed inferior to the rifles using the 
^spherical ball, unless treated in exactly the same way. 

The term Express,” and the kind of rifle to which it applies, 
owe their existence mainly to the description of bullet used — a 
bullet so light as to admit of enormous powder charges being 
burnt behind it without producing an unbearable recoil even in 
easily portable rifles — a bullet that can be used in small calibres 
without diminishing its killing power, retaining all the flatness 
of trajectory and accuracy of diagram peculiar to those calibres, 
and yet, on striking the game, capable of inflicting the severest 
wound in consequence of its change of form upon impact, and an 
expansion exceeding in size and lacerating power the old 12-bore 
ball. 

We may here remark that these old systems of rifles would have 
been much more effective if their weight could have been increased ; 
this rather points out the first consideration to be attended to in 
defining a model Express rifle — ^its weight. No Express rifle can be 
worthy of the name as a thorough all-round weapon, combining the 
greatest destructive power with general handiness, that exceeds say 
at most 101b. Why? Because the military authorities, after 
immense experience, have concluded that 91b. is sufficient for the 
soldier’s rifle; so, taking the average sportsman, his physique and 
his impedimenta, into consideration, the most we can allow is an 
extra pound. This point conceded, we can proceed to dispose of 
the remainder by insisting upon the initial velocity of the bullet 
being not less than 1800ft. per second, more if possible ; a rifle 
that does not approach this, the key of the Express system, places 
itself out of the scope of our investigations. Why? Because 
unless such a bullet starts at such a velocity, or thereabouts, upon 
impact when fired from the extreme sporting ranges its striking 
force would be so impaired as to prevent the complete change of 
form, &c., so characteristic of the perfectly acting Express bullet. 

The next point to be considered is the trajectory. It will be 
generally acknowledged by sportsmen that to be relieved in great 
measure from the trouble of judging distance and adjusting sights, 
is of the greatest value in the field ; no rifle enables us to dispense 
with these embarrassments so completely as the Express, and this 

#1 o 
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onlj to a partial extent, and to a moderate range, which maj be 
taken for its extreme limit as ISO yards. Any rifle capable of being 
used at all ranges up to that distance with one fixed sight and aim, 
without the vertical deviation from bullet drop seriously impairing 
the value of its diagram, must exhibit one of the finest qualities of 
the Express, provided that no undue decrease in its destructive 
power, or increase in its recoil, be caused by the means taken to 
obtain this excellent feature in a sporting rifle. 

I may illustrate my views on the trajectory of a typical Express 
rifle when I say that from 50 yards to 150 yards there should not 
be a greater bullet drop than 5in. or thereabouts.’*^ 

As to accuracy of fire, the conditions already enumerated as 
essential to the Express are considerably at variance with those that 
should exist in a rifle intended to give a high degree of accuracy ; 
still, for a limited number of shots the Express rifle is fairly 
accurate. No conditions of sport could arise where any number of 
consecutive shots would require to be fired; and even with the 
heaviest charge used, seven or eight shots can be fired in succession 
without a serious amount of error becoming apparent. 

My idea of the standard of accuracy necessary to an Express rifle 
is, that it should place its shots in a 6in. circle, or thereabout, from 
the 150 yards range when fired under fairly favourable conditions. 
It should be here noted that by ringing the changes on the 
constituents of the Express system, either the calibre, weight of 
bullet, charge of powder, &c., rifles can be constructed to give 
special prominence to either one or other of those features whose 
judicious combination result in the production of a perfect arm : 
thus, the power of the rifle may be developed at the expense of its 
recoil, accuracy, and trajectory ; or its accuracy may be augmented 
by the sacrifice of a portion of its power, &c. 

To sum up: An Express rifle should be of moderate weight; 
certainly not exceeding that of the service rifle by much more than 
a pound. The recoil of the rifle should be measured by the same 
standard, and should not much exceed that of the service arm. 
The rifle must fire a bullet capable of considerable and ready 
expansion on impact, producing a severe and dangerous wound, but 
should also fire a solid bullet, giving great penetration. If possible, 
the sighting for which at, say, 100 yards should agree with that of 
the Express projectile : the initial velocity of which should bo 


• Note by Six H. Holford : Impoesible to get. 
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18Q0ft. per second, or thereabout. The trajectory should not 
show a greater bullet drop than 5in., or thereabout, from 50 to 150 
yards. The accuracy should not give a much wider group than 
one of Gin. diameter when fired from the 150 yards range. Of 
course, in the matter of trajectory and accuracy we should take as 
an illustration the performance of a single rifle, for obvious reasons ; 
though, when perfectly regulated, the double rifle is not so far 
behind the single as may be generally believed. I am aware 
that in some of the figures by which I have attempted to illustrate 
the work of an Express rifle, I am somewhat behind the degree 
of excellence already supposed to be arrived at by some advanced 
rifle makers, but 1 prefer that it should be so. 


6.— By M». H. HOLLAND.* 

A minimum of 1600ft. per second initial velocity, and a maximum 
of 2000ft., would probably include all kinds of rifles called 
Expresses. The proportion of powder to lead required to produce 
these velocities would range from 1 powder to 4 lead for the 
lower velocity, to 1 to 2 for the higher. 

I consider for the ordinary bores, say *450 and *500, the velocity 
of from 1700ft. to 1800ft. per second is that most likely to give 
the best results, combining great accuracy with flatness of 
trajectory. To obtain these results, I use a charge of not less 
than 1 powder to 3 of lead, with a minimum of 4dr. powder in the 
•450 bore, and 5dr. in the *500 bore. With these charges we have 
been able to obtain great accuracy at the longer ranges, at which 
many Expresses fall off very seriously. 

Such a high velocity as 2000ft. per second can only be 
obtained by using very light bullets and very heavy charges of 
powder, always at the sacrifice of accuracy and penetrating force. 

There is some difiiculty in getting a definition of “ Express ” 
by either initial velocity or proportion of powder to lead, without 
at the same time fixing a minimum charge of powder. For 
example, if initial velocity only be taken as the standard, a very 
short light bullet, fired with a moderate charge of powder, giving a 
high initial velocity, might be used, which would so rapidly lose 
speed that at 150 yards the fall would be so great as to take the 
weapon altogether out of the Express class. 

* These remarks have been oonsiderably altered and added to since thej were 
first issued. 
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A char^^e of 1 powder to 4 lead is sometimes considered an 
Express rifle charge. Under certain conditions this may be correct ; 
but it cannot be taken as a gauge of an Express unless a minimum 
charge of powder be given at the same time. A low trajectory is 
only one of the desiderata of a satisfactory sporting rifle. I con- 
sider that the most important features are — (1) accuracy of shoot- 
ing, and killing power ; (2) low trajectory ; (3) such freedom from 
fouling as will allow of a series of shots being fired without any 
falling oflP in accuracy. 

1. Accueacy. — Not only should an Express make a close diagram 
at short ranges, but, if properly constructed, and the bullets and 
charges correctly proportioned, this should be obtained eyen with a 
double-barrelled rifle at 150 and 200 yards. A *450 deer-stalking 
Express should place a series of ten shots, at any rate, into a 6in. 
square at 150 yards. 

2. Teajectobt. — It is pretty generally known that a good 
Express will give a trajectory of about 3fin. to 4in. up to 150 
yards — which is practically all a sportsman can desire upon this 
point. Complaints are often made that Express rifles shoot high. 
This is frequently the fault of sportsmen themselves, who demand 
the impossible, viz., a flat trajectory to 200 yards — a demand con- 
stantly being made. The result is, that some makers, to meet this 
demand, sight the rifles for these gentlemen with the first sight 
cut to the 200 yards range ; consequently they shoot many inches 
high at those ranges at which perhaps most game is killed, viz., 
from 50 to 100 yards. I consider that an Express should be 
sighted correctly at 100 yards — certainly not high ; as I have always 
been informed by many of the best and most experienced sports- 
men, that a large proportion of the game missed is lost through 
shooting over the object. Even when a rifle is correctly sighted 
at 100 yards, there is always the risk of the sportsman not 
taking a sufficiently fine sight, or not getting down to the bottom 
of the notch of the back sight, or even of the rifle “ jumping ” if 
rested upon any hard substance. How much greater, then, is the 
risk of this if the rifle is sighted to shoot some inches high at this 
range ! 

3. Feeedom feom Fouling. — ^As to this point, all that is 
required is that the rifle shall not need wiping out, in order io 
keep up its original accuracy, for ten successive shots. 
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REMARKS ON THE ABOVE “OPINIONS ON 
EXPRESS RIFLES.” 

By Me. METFORD. 

Regarding the question of what should be reckoned as Express 
speed, I think your 5in. really as good as need be. All I wanted 
to prove was that, by experiment, I got this within a fraction of an 
inch by 4 lead and 1 powder, which gives about 1600ft. 

You see there is (at least to my mind) a real practical value in 
thus making it a’ proportionate affair of powder and lead, for, in 
many matches in India, I believe, there are prizes for Expresses ; of 
course, Express loaded. Now, if either initial or terminal velocity, 
or, again, the drop, whether between 100yds. or 150yds., or from 
initial line, be taken as standard, who is to prove whether Express 
was or was not used ? Pew people have speed instruments, and the 
amount of wrangling over drop would be interminable ; but any- 
one can readily and unmistakably test the proportion of powder 
a-d bullet. 

You say, “ what is the sportsman's outside distance ? ” I am 
told by my friends. Sir H. Halford and H. Evans, of Jura Forest, 
that most shots are taken within 100yds. I have poured into my 
ear wonderful shots at 200yds. and more, but I take it that no one 
need bother about such a range; 150yds. is about the general 
extreme. Your letter puts this question : 

What terminal velocity at 150yds. do you consider would corre- 
spond with a drop of little more than 5in. between 50yds. and 
150yds.? 

Do not you mean between 100yds. and 150yds. ? Your paper of 
Feb. 20, 1883, says, p. 2 (nearly at end), 5in. from 100yds. to 
150yds. 

I see that the charge I used in the experiments which guide me 
in this matter would give about 1600ft. per second, and at ISOyds. 
give 1225ft. per second. 

My trajectory drawing tells me as follows : Sight set true for 
100yds. at 50yds., bullet about Ifin. nearly above line at 150yds., 

. about 5in. below, weight of bullet, 360grs. 

Possible error would be limited to something not worth recording, 
blit say fin. of the latter; not that I have any belief that I have 
made a fin. error. My speeds were taken, not from computation 
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from mean speeds, as taken by cutting two wires, or breaking two 
connections, but by a ballistic pendulum, the special idea of which 
was suggested to me by my friend William Froude some years 
since, and the design of which I worked out myself, and which had 
his approbation. It is so delicate that it will show the variation in 

speed caused by putting two || wads behind the bullet instead 

of one. 

With it I get actual velocities right off; and this without there 
being any necessily for striking the pendulum in its axis, which 
was the old trouble. It is a peculiarly charming instrument for 
ascertaining actual striking speeds as one retires back and back. 

I have been now using it for the last twenty years, I think it is, 
and I believe it to be most decidedly superior to any of the instru- 
ments now in vogue for small arm work. 


Bt Mb. HENBT. 

I still adhere to the opinion that no rifle should be designated 

Express ** which does not give an initial velocity of 1600ft. This 
is the minimum, but of course the greater the velocity that can be 
developed the better, provided accuracy can be maintained ; and I 
think I can show that great accuracy is not incompatible with a 
very high initial velocity — say of fully 2000ft. — derived from using 
a small bore with a slow spirality of rifling, or large charge of 
powder and a light bullet. In proof of this I inclose diagrams 
made with a *450 gauge single rifle, taking 136gr. (5dr.) C. and H. 
No. 6 powder and a hollow-pointed bullet weighing 270gr., using 
the standing sight only, and taking the sight as nearly as possible 
in the same way (not flne and full) up to 150 yards. By taking 
the foresight fuU, the standing sight is good for all practical 
sporting purposes to over 200 yards. At 100 yards you will 
observe that the rifle shoots into Sin. That this is not an 
exceptional rifle, but what I am in the habit of turning out, both 
single and double barrelled, I would refer you to such well-known 
sportsmen as Capt. Horatio Boss, Mr. Edward Boss, and “ Bohilla,” 
and if necessary to many others. I inclose a letter from Capt. 
Boss, written so far back as June, 1876, giving the results of some 
experiments made by him, with the assistance of the well-known 
rifle shot Mr. Wm. Ferguson, of Inverness, with a *450 gauge 6dr. 
rifle, which letter you are at liberty to publish. 
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“ Bear Me. Henby, — I yesterday gave the ^ Queen of the Forest * 
a severer trial than I ever did previously. 

I was anxious to take advantage of the rifle range and target 
here^ to ascertain exactly what its trajectory really is. I got Mr. 
Ferguson to assist me, as 1 consider him to he one of the most 
careful paisstaJang rifle shots we have. 

We began at lOOyds., and fired shots at 130, 150, 180, 200, 220, 
230^ 250, 275, 300, 325, 350, and 400 yards. 

We aimed at the same spot as at 100yds. up to 250yds., using 
the first sight. We found that up to 23(fyds. there was no percep- 
tible drop. 

At 250yds. we had to put up the flap sight, which gave very 
satisfactoiy results as far as 350yds., after that, at 400yds., we 
found the drop considerable and sudden. 

“ Mr Ferguson said that, until he had shot this rifle, he had no 
conception that it was possible to make a rifle which, up to 230yds., 
had such a flat trajectory. 

Yours veiy truly, 

(Signed) Horatio Boss.” 

Some sportsmen prefer a heavier bullet, and with the above rifle 
and charge there is no difficulty in increasing the weight to, say, 
350 or 360gr., and yet retaining a trajectory sufficiently low for all 
practical sporting purposes, using the standing sight only, to 150 
yards. I consider the light bullet, however, best for use against 
soft skinned animals, from deer up to and including tiger, as, owing 
to its greater velocity the smashing power is enormous ; but for 
tough skinned and large boned animals the heavier bullet is,, owing 
to its greater penetration, to be preferred. 

Inclosed is a note of the various gauges of, and charges used 
with “ Express ” rifles. 

To show the striking power of the “ Express ” bullet I forward 
a steel bullseye, l^in. thick, from my target, with a hole about 
3in. by 3|-in. driven right through the solid steel ; also part of a 
steel bullseye, 3in. in diameter and 2in. thick, knocked to pieces hj 
the bullets. 

In my previous notes I stated that my early experiments with a 
low trajectory rifle were made with one of *451 gauge. This is, of 
course, as we measure now, but at that time only the gunmakers* 
gauge was used, according to which the bore would be about 50. 

In connection with mv former remarks on long range rifles>I 
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may mention tliat in the year referred to (1852) I tried some 
experiments at Dalmeny Park at 1000 yards, and at a target placed 
on Cramond Island in the Firth of Forth at 1600 yards, shooting 
from the shore. 1 will not say that the shooting was good, as the 
gauge of rifle, viz. 25 or *577, was too large, and the spirality of 
rifling — as we have since ascertained — ^was too slow to give 
accuracy at these long ranges, but a note of such a thing having 
been done may be interesting as recording one of the earliest 
attempts at long range shooting since so wonderfully developed. 

To show the great accuracy that can be obtained with the long 
range rifles of the present day under favourable circumstances, I 
inclose two official diagrams made at Enfleld with a Martini-Henry 
rifle and Henry ammunition at 500 yards, giving the surprisingly 
low mean radials of under 2m. and Sin. respectively. These are 
supposed to be the finest diagrams ever made. 


Bt Me. F. OSBOENE. 

Weight of Bifle. — find that I am alone in noticing this 
important point. Where would shot-gun definitions and com- 
parisons be if this matter was not attended to P 

Initial Velocity, — In this matter I find myself considerably 
more exacting than anyone else, but point to the following remarks 
in support of my views. Mr. Metford in his second paragraph 
says, “ speed is valuable,” “ as the smashing power increases in the 
square ratio of speed, not merely with the speed.” Sir H, Halford 
gives a table of four kinds of Express rifles (in which the latter 
kind would certainly be struck out as an Express), two of the 
remaining three have velocities of 2000ft. and 1830ft. each. Mr. 
Henry also gives an express with 2000ft. 

Eange Teajectoey oe Bullet Deop.— >^In opposition to Mr. 
Eigby, I fail to see why the 200 yards should enter into the 
question at all, as I -do not think it possible within ordinary 
proportions, to construct a rifle giving a decent up and down group 
from 25 yards to 200 yards with the same sight. Mr. Metford says, 
in his fourth paragraph, “ most shots are under 100 yards,” Ac. 
Mr. Henry also appears to indicate 150 yards as the Express limit. 
Sir H. Halford also prefers to give 100 yards as the range for 
diagrams, though he makes two statements about bullet drop that 
I fail to reconcile. First, “the fastest Express (drop) is 16 inches” 
(between 100 and 200 yards). Again, “ gunmakers sight their 
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rifles 6iii. or more high at 100 yards. This at 200 yards will make 
a rifle shoot only 4in. low.” [Note. — This gives a total drop of 10 
INCHES between 100 and 200, as against 16in. as stated in the 
previous paragraph. He has in a previous sentence expressed him- 
self in favour of rifles being sighted 3 inches high at 100 yards. 
Either, or any, way he is, I take it, against the 200 yards range 
being included.] 

With regard to Mr Metford’s table of trajectories, &c., I note 
that he gives for bullet drop with 1900ft. initial speed 5in. nearly 
at 100 yards, the air resistance not being taken into account. Has 
the effect on the bullet drop of recoil, or “jump” of rifle acting the 
other way, been taken into account ? A very illustrative experi- 
ment bearing on this point is given in Sir J. Whitworth’s book 
“ Guns and Steel” (Longmans, 1873), pp. 60, 61. 

Bullet Drop. — I find the value I give for bullet drop between 
60 and 160 yards much within the values indicated by Messrs. 
Eigby, Metford, and Sir H. Halford ; but, as I have obtained my 
data from actual practice in firing rifles with sporting sights, I can- 
not materially alter my figures, though a certain amount of error 
may have crept in, owing to the practical difficulty of aiming 
exactly alike at all three ranges at the same buUs-eye, with ordinary 
sporting sights. 

Accuracy. — We seem to be on all fours on this point, or nearly 
so. Mr Metford’s standard for single Express at 100 yards “ should 
be covered by the fist” is sufficiently easy, though why ten shots ? 
Such a number would be likely to lead to error unless some amount 
of time lapse between shots to prevent overheating. I suppose Sir 
H. Halford’s diagrams are those of single rifles only, especially 
with the lighter charges. 

Eecoil. — No one notices this feature, practically a most impor- 
tant one, as, if a rifle cannot be used with something like comfort, 
its other good points are rarely brought out. I fail to see, there- 
fore, how Sir H. Halford can lay down weights of charges without 
weights of rifles to correspond. I have always considered the two 
as having an extremely intimate connection. 

Solid Bullets. — ^An account of a successful use of solid bullets 
with Express rifles appeared in the Field in November, 1879, there- 
fore I am in no way responsible for their introduction, though 1 
can understand their possible value against very refractory-hided 
animals, &c. ; but this matter can wait. 

To conclude ; In deference to the general leaning towards 
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admitting rifles as “ Express/* with moderate or comparatively low 
velocities, I think we might put the minimum at 1800 or 1750ft. 
instead of 1900ft . — not less, as I think it will be well to exclude 
from the strictly “ Express ” class proper, either “ Miniature 
Express ” on the one hand, or Miniature Cannon ** on the other. 
As to the bullet drop between 50 and 150 yards being 4dn. or there- 
ahout, I mean by this — ^from the centre of group made at 50 yards, 
to centre of group made at 150 yards, rifle fired from shoulder rest, 
aiming as near as may be at same spot, the sight being adjusted to 
suit the 100 yards range. An inch, or even two, may be added to 
this, but I see no reason why any greater addition should be 
made. Tours faithfully, 

Frank Osborne. 

EDITOEIAL COMMENTS ON THE CORRESPONDENCE. 

It will be observed that there is a considerable disagree- 
ment among the above high authorities as to the exact limits 
of the requirements necessary to constitute ^^an Express.** 
Sir H. Halford, Mr. Metford, and Mr. Henry consider 
1600ft. muzzle velocity suflScient for the purpose, while Mr. 
H. Holland and Mr. Osborne contend for 1750 or 1800ft. in an 
ordinary Express. This high velocity is required for two 
purposes — first, to insure sufficient expansion of the bullet in 
the flesh of the animal shot at, and consequent smashing power ; 
and, secondly, to obtain so low a trajectory as to make one sight 
answer, ^^fine or full,** at any distance up to 150 yards. Now 
the amount of smashing power required it is not easy to settle, 
but the trajectory and accuracy form matter for experiment, 
and to obtain a public demonstration of what can be done, I 
instituted a public trial last autumn, which may be considered 
to have settled the question beyond dispute. It was then shown 
that even with a muzzle velocity of 1750ft., the above require- 
ment was only just obtained, so that I think it may be fairly 
laid down that an Express rifle ought to possess that speed, 
especially as it was found to be consistent with as great 
accuracy as can be desired. Finally, therefore, I propose to 
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define the Express as a rifie with a trajectory not exceeding 
four and a half inches at 150 yards, for which a muzzle velocity 
of at least 1750ft. per second is required. This velocity is 
obtainable with charges of powder varying from 1 to 2 of lead 
to 1 to 3 according to the bore, and with such accuracy as to 
insure hitting a vital part — ex. gr. the heart or head — at 150 
yards. For further particulars on this point, I must refer my 
readers to the report on the Bifle Trial of 1883, hereafter 
given. 

WHAT IS A SPORTING RANGE ? 

In different countries, with various kinds of game, the 
conditions under which the latter are pursued for purposes 
of sport will be such as to preclude any hard and fast rule 
on the subject. In this country, at all events, 150 yards 
may be regarded as the maximum distance at which game 
IS shot at, and, no doubt, the average is considerably within a 
hundred yards. In India, according to both Capt. Forsyth 
and Sir S. Baker, the same rule applies. The former, in 
reference to jungle shooting, writes : One half at least are 
shot at under fifty yards, three-fourths under seventy-five 
yards, and all, without an exception, under one hundred yards; 
that is to say, these are the distances at which animals are 
usually killed in jungle shooting.^^ This is the general 
opinion of sportsmen ; but for work on hills and other 
open situations, when bright moments occur, a shot at 
150 yards may sometimes be made. Beyond this distance, 
the difficulties connected with judging distance correctly, the 
effect of wind, and the consequent liability to hit without 
killing the game, and thus send it off to a lingering death,, 
will generally make the good sportsman pause, and will 
lead to an endeavour to get nearer, even at the risk of 
losing his shot. 

Mr. Van Dyke, who is the best and most reliable modem 
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American authority, sums up a fery well argued chapter 
on this subject' in the following words : For the last 
three years, my rule has been to shoot at nothing beyond 
150 yards, if there is an even chance of getting closer to 
it, and not to shoot even that far if there is a fair prospect 
of shortening the distance. I fully believe I have gotten 
more deer by it. I certainly know that there have been fewer 
broken-legged cripples. For deer and antelope on the plains, 
fifty yards might be added to this distance ; for elk, another 
fifty yards ; and for buffalo, another fifty. Beyond this point, 
you had better make it a rule to get closer”* (pp. 317-318). 

But in Southern Africa, where game has been, and still is, 
more plentiful, though wilder, than in India or Great Britain, a 
much longer range is desired, and especially by the Boers, who 
ure not contented with a rifle unless it will perform well up to 
800 yards. This can only be used for pot-shots at herds of 
deer ; but there is no doubt that at 400 and 500 yards, with 
their fine power of sight, they do often kill game at such 
distances. Consequently, before the definition of a sporting 
range can be given, the locality where the rifle is intended to 
be used must be ascertained. In deciding on the proper 
range of a rifle, it must not be forgotten that the longer 
ones can only be obtained at the sacrifice of trajectory, which 
is increased from 4^ inches at 150 yards in the Express, to 
about double that amount in the Martini-Henry and still 
more in the Enfield. The South African rifle is thus, of 
necessity, much less useful at short ranges than the Express ; 
because, not only must the exact range be ascertained — which 
is a difficult matter — ^but the sight must afterwards be altered 
to suit it, with a sacrifice of time, or the game will not be 
bagged with anything like the certainty which the sports- 
man desires. 

♦ “ The Stm Hunter,** by Theodore S.Vaa Dyke. New York : FordB. Howard, 
and Plunkett ; London : Triibner and C!o. 
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MESSES. GEEENWOOD AND BATLEY’S AND MESSRS. MUIR AND 
SONS’ RIFLING MACHINES. 


Messrs. Greenwood and Hatley’s Rifling Machine. 

In proceeding to describe the mechanical details connected 
with grooving rifle barrels, I must refer my readers to the 
frontispiece of this volume, which is a representation of a 
modern rifling machine by the celebrated firm of Greenwood 
and Hatley, of Leeds. It is a substantial structure, some 
twelve feet in length, the left foot being some six inches 
lower than the right one, giving such an inclination to the 
entire machine as has been found necessary to insure the 
flow of lubrication down the barrel during the cutting 
process. As shown in the illustration, the machine is 
arranged for operating upon single rifle barrels only ; double 
rifle barrels require some changes in detail in no way 
affecting the general principle of the machine. The inclined 
guide bar” in front of the machine is used to give the 
amount of twist or degree of spiral desired in the groove 
to be cut. One end can be moved only upon the fixed centre 
shown on the right; the other end can be adjusted to any 
desired angle within the scope of the machine by means of 
the slotted arm to which it is fastened. The main slide or 
saddle ” receives its motion up and down the " bed ” from 
the central main screw, this being driven from the pullies 
at the extreme right; their motion is transmitted through 
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gearing not visible in the engraving. The vertically working 
toothed rack carried by the saddle is engaged at its lower 
end with the guide bar ; consequently, as the saddle travels 
along the bed, an amount of motion is imparted to the rack 
varying in proportion to the inclination given to the guide 
bar. As shown in the illustration, a considerable amount 
of this motion is imparted to the rack ; consequently a quick 
twist would be thus cut in the barrel operated upon. If the 
lower end of the guide bar was raised in the slotted arm 
until more nearly parallel to the path of the saddle, of course 
the motion of the rack would be much less, resulting in a 
slower twist being imparted to the grooves. The motion of 
the rack thus obtained is converted into a circular one of 
the spindle (situate across the upper part of the saddle) 
by means of the small spur wheel or pinion upon it gearing 
into the rack. This spindle carries the cutter rod with 
tool holder attached, to which latter, by the means I have 
endeavoured to explain, is imparted the compound motion 
required in grooving the barrel. The barrel is held in a 
" chuck or holder, in this case possessing the power of 
self-centering its work, and carrying a division plate with 
the same number of equi-distant notches as grooves are 
intended to be cut ; thus enabling the chuck to be moved 
round and secured while each succeeding groove is operated 
upon. Above the chuck is placed the vessel holding soapsuds 
or other substance used to cool and lubricate the cutting 
tool when at work. The breech end of the barrel being 
secured in this holder, the muzzle end is steadied in an 
arrangement shown in the engraving — care being taken that 
the barrel so held is duly coincident with the spindle carrying 
the tool holder; this latter is then passed down and through 
the barrel— the cutting edge of the tool being prevented from 
coming into contact with the bore by the means described 
in treating the full-sized sketch of the "^cutter box.'^ To the 
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'^feed screw^^ of the cutter box is then attached the small 
^^back rod^^ seen at the extreme left of the machine — the use 
of such rod being to control and regulate the amount of 
^^cut” put upon the tool by the operator. The wheel gear 
and indicating dial through which it passes are the means 
of effecting this end — in some cases automatically by the 
machine^ but in this case^ and generally^ by the man in 
charge, who functions this apparatus by means of the hand- 
wheel just in front of and below the grip wheel of the barrel 
holder. The back rod has a spiral groove cut along it of the 
same ^^pitch’^ or degree of twist that the barrel groove is 
intended to have ; it slides freely through the hollow shaft at 
the extreme left of the machine. A stud or key inside this 
shaft engages in the groove in the rod, so that when the shaft 
is rotated the rod also turns, though the longitudinal motion 
of the rod through the shaft is not interfered with ; thus, as the 
cutter passes up and down the barrel the back rod follows 
it in exactly the same spiral path. It must be noted that the 
cutting work is done by the upward (from left to right) travel 
of the saddle; therefore, when this latter is down or near the 
breech end of the barrel, the cutter has passed beyond and out 
of the muzzle, and is ready to be so adjusted as to cut a 
shaving from the bore. By turning the hand-wheel connected 
with the back-rod mechanism, the operator withdraws the feed 
screw in the cutter box a determinate amount (registered 
by the finger on the back-rod shaft upon the fixed dial plate), 
thus allowing the cutting tool to rise in its bed and protrude 
into the bore of the barrel ; the machine is then put in 
motion, the tool being drawn through the barrel and 
delivering its shaving upon passing out of the breech end, 
the machine stopping at the same time. This process is 
repeated until the groove is the correct depth, when the 
barrel chuck is moved to its next division, and so on until 
the barrel is finished. 
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I have^ so tar, only described that plan of 
grooving rifle barrels, in which a uniform twist 
is produced. When a varying spiral is required, 
the guide bar has to curve so as to approxi- 
mate to the desired variation in twist of 
groove, and the arrangement for cutter, feed, 
&c., modifled accordingly. When a varying 
depth of groove is to be produced, the desired 
end is obtained by modifying the pitch of 
spiral groove cut in back-rod, so that it shall 
disagree to a certain extent with pitch of twist 
in barrel ; thus, during the passage of cutter 
through the barrel, the back rod is operating 
on the feed screw with the result of increasing 
or decreasing the amount of cut applied. The 
accompanying sketch shows in section a cutter 
box or tool holder, used with this machine, 
attached to the cutter rod at one end, and 
with the back rod in connection with the feed 
screw at the other end. The cutting tool fits 
in a slot cut in a cylindrical box (this fitting 
the bore of barrel to be rifled), and rests with 
an inclined face or bearing, upon a step, also 
abutting against the feed screw, and kept 
firmly in its place by the strong spiral spring 
shown in the forward end of the box. When 
the feed screw is withdrawn, the pressure of 
the spring causes the tool to follow, con- 
sequently raising it by the action of the 
inclined face upon the step in the box ; when 
the feed screw is reversed, of course the 
cutter moves forward and sinks in its recess. 

I must here mention that this admirable 
system of cutting the grooves in rifle 
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contact with stops fixed to a rod of suitable length for a 
TniTiiirmnn or maximum traverse. This rod is coupled up to a 
series of levers to the strap fork — the motion of the carriage 
causing the strap to be moved from one pulley to another for 
the reverse motions as on a planing machine. To give the 
twist or spiral, the rifling bar is coupled up to a spindle fitted 
on a carriage, which is free to revolve or remain stationary at 
the operator's will ; on this spindle a wheel is keyed, gearing 
into a split carrier wheel ; this in turn gearing into a rack 
sliding on the carriage at right angles to the spindle. Motion 
is given to the rack by being coupled to a former bar,^^ of 
length suflScient for full traverse of carriage. This bar is 
secured by bolts to brackets projecting upon the body of 
machine. Grooves for the bolts run the length of the brackets, 
so that the former bar can be fixed parallel or at an angle to 
centre of machine. If the bar is placed parallel, motion is 
not given to the rack ; but directly the bar is placed at an 
angle with the centre, motion is given to the rifling bar from 
the wheels and rack by causing the carriage to traverse. 

To give equal divisions and the number required, the 
dividing head before mentioned consists of a hollow mandril, 
in which the barrel to be operated upon is fixed. On this 
mandril a dividing plate is fixed, with a suitable catch, &c., for 
holding the mandril stationary — the operation of dividing being 
done by the attendant ; that is, when one groove is finished, 
he causes the mandril to revolve to the next division. 

The rifling bar is bored up at one end to receive a suitable 
cutter, which is so arranged that, at the end of each cut, the 
tool can be drawn below the diameter of barrel, so as to avoid 
breaking the cutting edge. This cap be done 
without stopping the machine, and is worked by suitable 
gearing from the centre of machine — that is, by hand wheel 
and mitres on the shaft running to extreme end of bed. At this 
end, a spur wheel gears into one keyed on to a hollow spindle 
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on a bracket secured to bed — the spindle in this bracket being 
perfectly true, and in a line with the dividing head and 
spindle on carriage. The spindle is bored through, and 
receives a steel die with a square hole through, so as to allow 
a square bar to move freely. On the spindle nose a pointer is 
fixed, to indicate parts of revolution on a fixed index. The 
end of the bar is coupled up to a screw fitted in the rifling 
bar, this screw moving the tool in or out by the aid of an 
inclined plane on the back of the tool. 

To put on a cut or withdraw the tool, and give an increas- 
ing depth, the operation is as follows : To put on a cut, the 
hand wheel at centre of machine is caused to revolve, the given 
amount is indicated by the pointer on the spindle of the feed 
bar bracket and the index plate. The spindle thus causes the 
square bar to revolve with the screw in the rifling bar. This 
screw in turn causes the cutter to slide up or down a pro- 
jecting inside rifling bar — thus advancing or withdrawing the 
tool at pleasure. 

For giving increasing depth to the groove, the hand wheel 
is held to the required number on the index plate — the square 
feed bar thus not having any circular motion. The screw is 
acted upon by the circular motion to the rifling bar ; thus 
an increasing or decreasing depth of groove can be given 
according to pitch of feed screw and angle of former bar. 


n 2 



BOOK IV. 

THEOET OF PROJECTILES, BY “T.’^ 

OHAPTEE I. 
INTRODFCTORY. 


The following remarks are written with the hope that they 
may serve to convey to non-soientific sportsmen and rifle-shots 
some little idea of the theoretical principles connected with 
the employment of fire-arms. As with many other discoveries 
of great importance, the invention of gunpowder was carried 
into practical use long before the principles underlying its 
employment received any great amount of scientific investi- 
gation. Even in the present day, most people who are 
accustomed to handle fire-arms have learnt to do so without 
having troubled their heads about the theory of the motion of 
projectiles. But practical men need not for that reason look 
upon theoretical studies as altogether needless. By dint of 
long practice and keen observation they may have become 
excellent shots; but, for all that, they might possibly have 
acquired their skill with fewer disappointments, and less 
expenditure of time and trouble, had they been spared the 
pains of finding out for themselves the origin of many little 
difficulties, which at first they may have looked upon as 
unaccountable, but which a fuller acquaintance with scientific 
principles might have led them to regard merely as natural 
consequences of pre-existing causes. And although, eventually. 



A CAUSE OF BAD SHOOTING. 


37 


they may have become perfect masters in the manipulation of 
their favourite weapon, and able to do the right thing at 
the right moment, it not unfrequently happens that they do it 
by a sort of natural impulse rather than as the result of 
deliberation, and are quite incapable of giving to others a 
sound reason for the faith that is in them. Having, however, 
worked out their results in a practical way, it is not unnatural 
that such persons should consider it a waste of time to study 
the origin of facts with which they have long been familiarly 
acquainted. 

The adepts who, by reason of their innate abilities and long 
experience, have got beyond the bounds of learning, are 
exceptional personages, for whom the following pages have 
not been written. Nor, on the other hand, is it imagined 
that the information can add to the knowledge of those rifle- 
shots who have already studied the subject scientifically; 
while such readers will readily perceive how much more con- 
cisely they could themselves set forth the same facts, and how 
much more clear they could render them by the use of 
algebraic symbols. 

There are, however, many other men, not wanting in skill, 
who readily admit that plenty of wrinkles” yet remain to be 
picked up, and who are perfectly willing to accept information, 
but have a mortal aversion to all mathematical formulas. To 
such persons more especially it is hoped that these observa- 
tions may be of service ; and it is for them, indeed, that these 
notes are mainly intended. And if they may not derive much 
actual advantage by the perusal, they may possibly find some 
recompense for their pains in the awakening of reminiscences 
of bygone days, when game got off scatheless, owing, as was 
then imagined, to unaccountably bad shooting, though, after 
all, it may have been mainly due to the operation of some 
natural law that hitherto had not come into operation in the 
same way within that sportsman’s particular experience. 
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Two gentlemen^ for instance^ went on a shooting excursion 
across the Himalayas into Thibet; and in detailing their 
adventures in the Fields one of them said, with respect to the 
hunting of the gooral,^^ or Himalayan chamois^ Our first 
experience of this sport was most unsatisfactory, and it was a 
considerable time before either of us brought one to bag. At 
first we used to miss the most easy shots, apparently, and 
could not account for it in any way, for we were both tolerable 
shots in the plains.^^ The conclusion they came to was, that 
it was owing to the nature of the ground, and the difiiculty of 
judging distances. Possibly something was due to this ; but 
it does not appear to have occurred to. them that there was 
another very probable cause of error, viz., their height above 
sea-level ; for the great difference in barometrical pressure at 
high elevations would alter considerably the trajectory of the 
buUet as compared with what it had been on the plains, for 
which the weapon had been sighted ; and they might conse- 
quently clean miss an animal that they would have hit with 
certainty at the same distance, under conditions to which they 
were accustomed. 

Here, then, is one incident which may not occur to every 
rifle-shot, but which, nevertheless, may be worth bearing in 
mind. Many other matters are equally or more deserving of 
consideration ; so numerous are they, indeed, that it is not to 
be expected that they will be exhausted in these pages. Let 
us, however, attempt to deal with some of their most salient 
points. 



CHAPTER II. 

CAUSES THAT INFLUENCE THE FLIGHT OF BULLETS. 


Directly or indirectly, a bullet is subjected to many influences, 
both before and after it leaves the barrel of the rifle ; and 
each separate influence has greater or less effect according to 
variation in circumstances. 

We have (1), as the originating cause of the bullet^s motion, 
the gases produced by combustion of the powder; and the 
extent of the action of these gases will be varied, not only by 
the quantity of powder burnt, but by the physical condition of 
the compound, such as the size of the grains and the density 
due to the amount of pressure the cake ” has undergone in 
the process of manufacture, besides any difference which may 
occur in the proportion of the ingredients. Even when succes- 
sive charges of the same powder are used, you cannot rely on 
getting absolutely exact results; for, although the sulphur, 
saltpetre, and charcoal may have been very carefully weighed, 
and great pains have been taken in the mixing process, the 
powder is, after all, only a mechanical mixture, and the 
proportions may vary somewhat in different parts of the same 
batch. Thus, our Government powder is said to be composed 
of 75 per cent, of saltpetre, 10 of sulphur, and 15 of charcoal; 
but in samples taken from the top and bottom of a barrel by 
Mr. (now Sir F. A.) Abel, one sample proved, on analysis, to 
have almost exactly 75 per cent, of saftpetre and the other 
only 74^ per cent. ; one contained 10 and the other 10^ per 
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cent, of sulphur ; and one had | per cent, more charcoal than 
the other. It is not to be expected, then, that they could 
produce absolutely equal effects. Moreover, the evenness or 
otherwise of the grain of the powder may also influence the 
results obtained from successive cartridges ; and so may any 
differences in the manipulation of the powder. The force, 
too, that will be exercised by a charge of gunpowder is not 
dependent merely on its weight and make ; it is by no means, 
in feet, a fixed quantity, but varies with the degree of resist- 
ance encountered by the expanding gases. The potential 
force of the charges used in small arms is vastly in excess of 
the power actually developed under ordinary circumstances ; 
and an increase in the resistance — ^whether it arise from 
additional weight of projectile, more rigid turning down of a 
cartridge case, or obstruction of any other nature — may 
produce a considerably increased development of the dormant 
powers of the explosive. 

(2) Besides the direct effects produced by the force of the 
powder, the speed of the bullet is influenced by the friction 
that arises as the projectile is forced through the barrel, and 
likewise by the resistance of the partially-imprisoned air; 
for air there must be in the barrel when the charge is fired, 
and it cannot possibly get out of the way of the bullet. The 
walls of the tube prevent any such thrusting aside as would 
occur in the open atmosphere, and the speed of the projectile 
is too great to permit of air moving away in advance without 
undergoing condensation; so that there must be increasing 
compression, and corresponding resistance, as the bullet drives 
the air from breech to muzzle. The resistance which is due 
to friction would vary too, according to the nature of the 
rifling and rapidity of twist, as well as with the form of the 
bullet; for deep grooves and rapid spiral must offer more 
obstruction than shallow grooves and slow twist; while a 
spherical ball, which only touches in a narrow line at its 
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circumference, would move much more freely than elongated 
bullets, the resistance from which increases with their length, 
and the extent of their hold upon the grooves. Beyond these 
effects, there is the further obstruction which arises from 
fouling, and which varies with the powder, the nature of 
the rifling, and the moisture or dryness of the atmosphere. 
After black powder is burnt, nearly two-thirds of its weight 
remains as solid residue, and, although the larger portion of 
this is necessarily blown out of the barrel after the projectile, 
a considerable quantity is deposited within, especially when 
there are inequalities in the bore, such as deep rifle-grooves, 
wherein the dirt can readily lodge. 

(3) Another of the influences affecting the course of the 
bullet is the recoil-movement, or ^^jump,^^ which occurs in 
the gun before the shot has left the barrel. Some persons 
contend that no recoil takes place until after the shot has 
left the muzzle. Practical experience, however, goes to prove 
that the course of the bullet is affected by the motion of the 
barrel — which would be strange indeed if there were no 
movement until after barrel and ball had parted company ; 
while theoretical considerations go to show that the recoil- 
movement must receive its initiation as soon as the bullet 
is set in motion, although the recoil would not be complete 
till after the projectile quits the muzzle. 

(4) The resistance of the atmosphere, after the shot has 
departed from the barrel, is one of the most potent of the 
influences that affect the course of the projectile. Except 
for the resistance of the air, bullets would go on with 
undiminished speed, regardless of distance; and differences 
of size, shape, or weight of projectile would matter nothing 
as regards trajectory, for all that start with the same speed 
would follow the same curve. Under existing circumstances, 
howpver, different trajectories are caused, not only by different 
velocities, but by variation in shape of bullets of equal w^eight. 
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difference in size of bullets that are similar in form, and 
variation in weight of bullets that are alike in size whether 
such variation be due to difference in density of the metal, 
or to some bullets being solid and others hollow. The 
trajectories of bullets will also be affected by variations in the 
density of the atmosphere, whether arising from differences 
of temperature and moisture, or differences of atmospheric 
pressure as shown by the rise and fall of the barometer in 
the same locality, as well as by the rarefaction of the air 
in high mountain regions. The longer the range of the 
projectile, the greater, of course, will be the effect on its 
flight; but spherical and hollow bullets are more sensitive 
to the change than heavy elongated projectiles of solid metal ; 
and the effect would consequently be noticeable with the 
former at shorter distances than with the latter. 

(6) The force of gravity, though here put last on the list, 
has far greater influence than any other in determining the 
bullet’s course. Except for the effect of this force, all pro- 
jectiles would fly in a straight line ; they might be a greater 
or less time in reaching their object, according as they have 
low or high speed, but their course would be as direct in 
the one case as in the other. Under the influence of gravi- 
tation, however, the course never is direct, but invariably 
is curved, though not in the same degree ; and the slower the 
speed, and longer the distance, the more marked is the curve. 

Such being the principal influences that affect the course 
of bullets, it may be as well to examine a little more closely 
some of their effects. But, instead of taking them exactly 
in the order just given, it may be desirable, perhaps, to 
commence with the one last touched on, as some of the 
remarks made with respect to the action of the force of 
gravity may facilitate explanation when other points are 
touched on, and thus we may ''kill two birds with one 
stone,’^ or get two illustrations from one bullet. 



CHAPTER III. 

THE DROP OF THE BULLET. 


In taking* into consideration the progress of projectiles 
through the air, a little fact which is frequently overlooked 
should ever be borne in mind, viz., that from the instant the 
shot leaves the muzzle of the gun, it begins to drop down 
below the line in which it was fired ; consequently, every 
yard, every inch, of the trajectory is curved, although to a 
very trifling extent at first. The perfectly flat trajectory, 
too often spoken of, has no real existence : it could only be 
produced by the invention of a bullet able to set at defiance 
the laws of nature. 

Some time ago, a sportsman writing to the Field, and 
recording the performance of a rifle in his possession, stated 
that it had a perfectly flat trajectory up to 150 yards. It 
probably never occurred to him to ask himself, Why should 
a bullet go 150 yards in a perfectly straight line and then fall 
away from it ? ” He doubtless did not take into consideration 
any other fact than that he looked in a straight line along 
the barrel, and did not put up any sight for a range of 
150 yards, whereas for longer distances he did put up a sight. 
The fact that the inside and the outside of th%barrel were not 
parallel may have escaped his observation, or, if noticed, may 
not have caused him to reflect that, although his line of sight 
outside the barrel might be horizontal, and go straight to the 
object on which his eye was fixed, the bore, when he took 
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aim^ had an upward slope from breech to muzzle, and that 
therefore the bullet was not directed at the object aimed at, 
but at a point some distance above that object. Still less 
would it be likely to occur to him that, supposing there to be 
a difference of, say, thickness of barrel or 

, height of rib or plate at the two ends of a 27-inch rifle, this 
difference would be repeated 200 times in a range of 
150 yards, and thus amount to 20 inches in such distance; 
while even more remote would be the inference that about 
midway in the range (or from 75 to 80 yards) the bullet 
would be fully 5 inches above the line of sight. 

But, although it may be excusable in a sportsman to 
overlook such facts, and make statements similar to those 
above alluded to, the same excuse will scarcely avail a 
gunmaker if he utters assertions of a like nature ; for he can 
hardly be unacquainted with the reason for constructing rifles 
with so much taper of barrel or thickness of plate as to 
dispense with movable sights up to 150 or 200 yards, nor can 
he be unaware of the effect that must be produced upon the 
elevation of the bullet at lesser distances. Yet it would not 
be diflicult to find gunmakers^ advertisements claiming for 
Express rifles a flat trajectory up to 200 yards, regardless of 
the fact that bullets which strike the mark would, according 
to their velocity, have been some 7, 8, or 10 inches above the 
line of sight in traversing that distance. 

Such gunmakers were the subject of some animadversions 
by a correspondent of the Field, of a more observant turn of 
mind than the one just alluded to. He complained of the ill 
effects resulting from the construction of rifles in which the 
back sight hmd been made of undue height in order to 
produce a fictitious appearance of low trajectory at long 
ranges. In a rifle which he had bought, an otherwise good 
weapon had thus been rendered comparatively useless uutil 
he knocked out the back sight, which was contrived to show 
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such a flat trajectory at long ranges that the bullet struck 
high above the mark at short distances. 

As already intimated^ an absolutely or perfectly flat 
trajectory (for both these adverbs have occasionally been 
made use of) can have no existence whatever. The most 
limited range must take some small space of time for the 
bullet to traverse ; during that time the bullet drops, and the 
trajectory becomes curved. There is, no doubt, a vast deal of 
difference in the curves described by projectiles fired from 
different rifles, and by different bullets fired from the same 
rifie — the line of flight being, in some cases, very much less 
arched than in others. Consequently, one trajectory may be 
relatively flat, as compared with another ; but beyond relative 
flatness we cannot go ; and in considering why it is that 
one trajectory is flatter than another, we shall likewise see 
that, although the curve may be lessened, it never can be 
changed into a straight line. 

The ordinary experiences of daily life make us all 
acquainted with the fact that, if we pick up any object of 
sufficient density — such, for example, as a bullet — and then, 
by unclosing the finger, leave it without support, it imme- 
diately begins to drop towards the earth. It does not remain 
in suspense an instant after its release, but, commencing 
with a slow downward movement, gains speed rapidly as it 
falls to the ground, and attains greater and greater velocity 
the further it descends. In like manner, everyone would 
consider it a matter of cpurse for a weight falling from the 
height of the roof to give a more severe blow than if it 
had merely rolled off a chair or a table. But comparatively 
few persons take the trouble to ascertain the reason of 
such universally admitted facts. Most people are content to 
know what they cannot help* knowing, without thinking 
of cause and effect; and when they find themselves face 
to face with certain facts that do not ordinarily come within 
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the range of their experience^ they are apt to overlook the 
real origin of unexpected results, and to attribute them to 
other causes, sometimes very wide of the mark. 

Thus, a man who is a fair shot with a rifle that he has been 
accustomed to use at short distances, might become possessed 
of an Express such as has been recently alluded to, and 
have been told by the maker that it has a point-blank range 
up to 200 yards for point-blank^^ is another misleading 
expression in current use. From experience with his old rifle, 
up to 70 or 80 yards, he considers he knows well enough what 
point-blank means ; and he is very well satisfied with the 
results when he tries his purchase at 200 yards. He finds, 
however, when he comes to use his new rifle at shorter ranges, 
that things do not go on so satisfactorily as he had antici- 
pated ; he fires point blank, as he has hitherto done, at 
accustomed distances, and the bullet is planted some inches 
higher than he expected. It is not surprising that he should 
be put out thereby ; and very possibly it may never occur to 
him that, whatever the distance for which a rifle is sighted, 
the bullet must be above the line of aim at intermediate 
distances, whether twenty-five, fifty, or a hundred yards. 
Why it must be so, however, becomes clear enough when one 
refiects upon the circumstances. 

On making its exit from the barrel, the bullet drops as 
inevitably as it would do on being let loose by the fingers. So 
long as it remains within the bore, the ball is held up ; but 
no sooner does it pass out from the muzzle, and consequently 
lose support, than the force of gravity takes effect on the 
bullet, and draws it downward. If the barrel be held hori- 
zontally, the shot begins at once to fall below the level of the 
position from which it started ; but if — as usually is the case 
— the barrel has an upward yiclination at the moment of 
firing, the bullet necessarily rises from the muzzle, and yet 
(anomalous as it may sound) the drop goes on daring the rise 
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of the projectile, to just the same extent as if the barrel were 
horizontal. In the one case, the bullet will, in a quarter of a 
second, have descended 1ft. below the horizontal line ; and in 
the other it will, in the same time, have descended 1ft. below 
the line of fire,^^ whatever may be the angle of elevation 
above the horizon. A very good example of this double 
motion is seen when a jet of water issues from the muzzle of 
a garden-hose or fire-engine. The liquid, as it shoots forth, 
ascends more or less above the mouth of the tube, according 
to the angle to which the muzzle is raised ; and the stream 
meanwhile falls from the line of projection to just the same 
extent as if the pipe were horizontal. The trajectory of 
the water, moreover, depends upon the velocity of the dis- 
charge, and, as in the case of the bullet, the higher the speed 
the flatter is the curve ; but, however great the velocity, the 
jet can never strike an object unless the tube is directed in a 
line above it, and the stream between any two points is 
consequently always arched. In short, the jet of water pre- 
sents visibly to the eye a curve similar in character, but 
shorter and higher, than that which the bullet describes when 
projected from the gun. 

The rapidity of the natural drop in projectiles is neither 
increased nor diminished by their weight, nor by the speed 
with which they leave the gun : the ^ elocity of descent is 
dependent on the duration of the fall, or, in other words, on 
the length of time the bullet is in motion — as this it is that 
regulates the distance and velocity of the drop. 

Supposing, for instance, that a number of guns, all differ- 
ing in dimensions, charge of powder, and weight of shot — 
varying, in fact, from the largest cannon down to the smallest 
rook-rifle or saloon pistol — were levelled horizontally on the 
top of a cliff, say, 100 feet above the sea ; and that, on being 
fired, the whole of the different projectiles started off evenly 
together from the edge of the cliff ; the various kinds of shot, 
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whatever their weight or velocity, would drop into the water 
at the same moment — the time of fall (at 16 feet per second, 
without air-resistance) being 2^ seconds for the 100 feet. 

And if, simultaneously with the shots being fired, other 
bullets were dropped in a straight line down the face of the 
cliff, or let run down inclined planes (without friction), they 
would reach the same level in the same time, although some of 
the shot may have been propelled a quarter or half a mile, 
and described curves of various dimensions, while others may 
have run down slopes of different angles, and others not have 
varied at all from the perpendicular. If, however, there were 
the slightest departure from the horizontal position of the 
bore, the speed of the projectile would tell ; for the greater the 
velocity and weight, the higher would the projectile go, as com- 
pared with a slower and lighter bullet, before decending towards 
the earth — that is, supposing the muzzle pointed upwards; 
whereas, on the other hand, the more quickly would the shot 
make its descent if the muzzle had a downward tendency. 

The ^^drop^^ may be said, in short, to be a definite quantity, 
determined by time, and entirely independent of any onward 
motion of the projectile. It operates to an equal extent 
whether the barrel points upwards or downwards or is held 
perfectly level, and whether the projectile is large or small. 

It has been ascertained by experiment that bodies falling 
from a state of rest drop a fraction more than 16ft. in one 
second ; but for our general explanatory purpose the fraction 
may be disregarded.* If the body starts with an upward or 

• The fall yaries slightly in different parts of the globe, increasing towards 
the poles and diminishing towards the equator— the attraction to the centre 
being greatest where the diameter of the earth is least, and vice versa. The 
following will show a few differences in the amount of drop in one second : 

ft, in. ft. in. 

Greenwich 16 1*15 Trinidad, West Indies ... 16 0*55 

Paris 16 1*09 Hammerfest, Norway 16 1*42 

New York 16 0*96 Spitsbergen 16 1*52 

Thus between London and New York the difference of fall in one second ia 
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downward impulse, the 16ft. will be added to or diminished 
from the distance it would have reached in one second, had . 
the body continued to move unobstructedly in the same 
direction for that period of time. Accordingly, if a shot were 
fired straight up into the air, it would, at the end of one 
second, be 16ft. short of the height it would otherwise have 
attained ; and, if fired down a precipice, the bullet would be 
16ft. below the point to which it would have been carried by 
its own velocity in the course of one second. 

It w‘ill be obvious that, if a body starts from a state of 
rest, and goes on regularly increasing its speed, it must move 
faster at the end of any given period of time than it did at the 
beginning, and that the velocity must increase with length of 
time. We always see a railway train start slowly; and it 
goes on for a time gradually increasing its speed, although the 
actual force applied when travelling at 50 miles an hour may 
be no greater, or even less, than when the train moved slowly 
out of the station. A continued application of the same 
motive force produces continually accelerated motion, unless 
it is counteracted by some other force ; and, in the absence of 
such counteraction, the exercise of a constant force for equal 
periods of time would impart an equal increment of speed in 
every such period. 

Such is the case with falling bodies, as exemplified in the 
trajectories of bullets. Here we have in action a constant 
accelerating force known as the force of gravity, which 
imparts a downward motion at the rate of a fraction more 
than 32ft. per second for the time the bullet is in motion, 
whether it be seconds or only a portion of a second ; so that 
8ft. velocity would be imparted in a quarter of a second, 16ft. 
in half a second, 64ft. in a couple of seconds, and so on. 

abont one-fifth of an inch, which may seem very trifling ; but in a range of 
1000 yards, with a Martini-Heniy rifle, the total wonld amount to nearly two 
inches ; and in similar ranges in Norway and the West Indies there might be a 
difference of drop of about eight mohe8~~other things being equal. 
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A knowledge of the speed gradually attained in a given 
•period of time would, however, afford to many people but 
little idea of the distance actually traversed in that time. 
Almost anyone, on being told that a certain train acquired a 
speed of three miles an hour in the first minute, and regularly 
increased its speed at the same rate, would at once perceive 
that in course of ten minutes it would have a velocity of 
30 miles an hour, and that it would have double that speed 
in double the time. Nevertheless, it might puzzle him to say 
how far the train would have travelled in any given portion 
of the time ; and he might even be incredulous if told that 
in five minutes, although the train would then have attained 
a velocity of 15 miles an hour, it would only have gone five 
furlongs, and that, at the end of the first minute, when 
moving at the rate of three miles an hour, it would not have 
proceeded 60 yards. 

On the other hand, the fact of the train travelling nearly a 
mile in the course of the twentieth minute would be readily 
apprehended ; and so would the statement that, by starting 
from 0 velocity and increasing regularly to 60 miles an hour, 
the average speed in the meantime must be 30 miles an hour. 

It requires, however, but another step onwards to arrive 
at the fact that, with an average speed of 30 miles an hour, 
no more than 10 miles could be run in .^rd of an hour, or 
20 minutes ; and the same method of estimation will quickly 
demonstrate that, as the average speed during the first 
minute (beginning from 0 and ending with 3) is but 1 J miles 
an hour, the distance traversed in the ^^th part of an hour 
could only be the -j^th part of l^ miles (i.e., 2640 yards), and 
therefore would not exceed 44 yards in one minute. 

In the drop of bullets a similar process goes on. As 
already stated, the speed increases at the rate of 32ft. per 
second for the time occupied in the descent ; hence it will be 
obvious that 8ft. velocity must be imparted in ^th of a second. 
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It is not so apparent, however, that in this same quarter of a 
second the bullet would drop only 1 foot ; yet, by having 
recourse to the method just adopted with respect to the train, 
it will be clear that such must be the case; for a bullet 
starting from 0 and increasing to 8ft. velocity would have a 
mean speed of 4ft., and progression at this rate for ^th of 
a second could not carry the body more than 1ft. from its 
original position. But it is only when the periods of time 
are fractional that the progress seems so insignificant as com- 
pared with the speed ; for the reverse is apparently the case 
when we get to whole seconds, as the distance then seems to 
increase with marvellous rapidity. 

An accelerating velocity of 32ft. per second gives a drop of 
16ft. in the first second, because it starts from 0 and ends at 
32, and the drop is equal to the mean velocity. The next 
second begins with a velocity of 32 and ends with 64, so that 
the mean velocity is 48. The velocity and drop afterwards 
proceed as follows : 


Time. 

Velocity 
at end of 
each second. 

Drop in 
the rpKpective 
seconds. 

Total drop 
at end of 
each second. 

1 

sec. . . 

.... 32ft. per sec. . 

... 16 feet. .. 

. . . 16 feet. 

2 

>» 

.... 64 

... 48 „ .. 

... 64 „ 

3 

?> 

.... 96 

... 80 „ .. 

... 144 „ 

4 

?» 

.... 128 

... ]12 „ .. 

... 256 „ 

5 


.... 160 

... 144 „ .. 

... 400 „ 

(> 


.... 192 

... 176 „ 

... 576 


The full second, with the rate of drop as here indicated, is, 
however, too large a unit of time for the sportsman^s purpose, 
which requires, for the most part, fractions of a second to be 
taken into consideration, with drops of a few inches rather 
than hundreds of feet. Let us, then, take yV^h of a second 
as our unit of time, and we shall have very nearly 2 inches 
{i.e., l*93in.) as our unit of drop — which would be the extent of 
fall in a 50 yards range, with a bullet traversing the 150ft. at 
a mean velocity of 1500ft. per sec. On the same principle will 
the drop go on whatever unit may be chosen. Whether a full 

s 2 
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second, or a tenth or a hundredth part of a second, be adopted 
as the unit of time, the rate of progress will be as follows : 


Periods 
of time. 

1 st 

Units of drop 
in the 

respective periods. 

1 

Total units of drop 
at the end 
of each period. 

1 

2nd 

3 

4 

3rd 

5 

9 

4th 

7 

16 

5th 

9 

25 

6th 

11 

36 

7tli 

13 

49 

8th 

15 

64 

9th 

17 

81 

10th 

19 

100 


Taking, then, 2in, as the extent of fall in the first unit of 
time, the drop in the next equal period would be treble as 
much, or Gin. (making Sin. for the two periods) ; in the next 
equal space of time there would be five times 2in., or lOin. 
further fall (making ISin. in the three periods), and so on. 
The figures in the second column, multiplied by 2in., show 
the respective fall in each successive period, while those in 
the third column (also multiplied by 2in.) give the total of all 
previous periods. And, if it were possible for a bullet to pass 
through the air without losing speed, a shot that fell 2in. in 
50 yards would fall Gin. between 50 and 100 ,- lOin. between 
100 and 150 ; and 14m. between 150 and 200 — making 32in. 
altogether. 

If, however, instead of a 2in. drop in the first period, any 
other space were taken — as, for instance, the ^^th part of an 
inch (or 0*02in.), which would be equivalent to the fall 
in Y^th part of a second — the same law would hold good. 
With a mean velocity of 1500ft. per sec., this drop would occur 
in a bullet by the time it had got 5 yards from the muzzle. 
In six such periods, or about 30 yards, the 0'02in. would be 
multiplied by 36, and amount to nearly fin.; and at the end 
of the eighth period, or 40 yards, the total fall would be 
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0*02 X 64j or about IJiri. But, as before intimated, com- 
parison of equal distances with equal times is not strictly 
correct, and is only assumed for facility of explanation. 

The entire fall indicated in the last column of the foregoing 
tables will be observed to be the sum total of the drops 
separately indicated for the respective periods given in the 
previous column. Hence, 576ft. (at the end of six seconds), 
in the table on page 51, will be the total of the respective 
distances from 16ft. to 176ft. ; while, in the next table, 
1 00 (or any other number in the final column on the opposite 
page) will be the sum of the preceding figures in the middle 
column, up to the same period of time. 

It is not necessary, however, to resort to this cumbrous 
mode of adding together the various figures in order to arrive 
at the required total, because the same end is obtained by the 
much more ready process of squaring the number of 
seconds, or other periods of time. Thus, 36 is the product of 
6 by 6, as well as the sum of all the odd numbers from 1 to 11 ; 
for it will be observed that the middle column of the last 
table consists exclusively of odd numbers. So the figures in 
the third column in the first table are only the same odd 
numbers multiplied by 16ft. (which there is the unit qf drop), 
and 576 in the final column is the product of 16ft. multiplied 
by 6 times 6. 

The variation in the amount of drop in short periods of 
time may be better seen in the table on p. 54, where y^th of 
a second and ^ second are respectively taken as units 

of time, and are carried on for ten successive periods, so that 
the bottom of one column connects with the top of the next 
until full seconds are arrived at. In each case, the figures 
represent the total amount of fall at the end of the respective 
periods of time, but, where there are fractions, it has been 
thought unnecessary to work them out with great minuteness. 
The drop in the column for full seconds will be seen to be 
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100 times as great as in the previous column, and 10,000 times 
as great as in the column for hundredths of a second. 


Number 
of periods. 

1 .. 
2 

3 .. 

4 .. 

5 .. 

6 .. 

7 .. 

8 .. 
9 .. 

10 .. 


Hundredths 
of a second. 

■Co incli 
1 

1-4 ff 
1 

b ff 
i ff 

^ ff 

I » 

1 

li ff 


Tenths 
of a second. 

2 inches 

7f „ 

17i „ 

21 feet 
4 M 

5 ^] „ 

n „ 

101 „ 

13 „ 


Full seconds. 
16 feet. 
64 „ 
144 „ 
256 „ 
400 „ 
576 „ 
784 „ 
1024 „ 
1296 „ 
1600 „ 


With the mean velocity of 1500ft. per second, one of these 
columns would represent drops ” occurring at intervals 
of 5 yards, while the others would, in a similar way, apply to 
intervals of 50 and 500 yards; and the last figures in the 
respective columns would represent the total drop in ranges 
of 50 yards, 500 yards, and 5000 yards (or nearly 3 miles) — 
the last of which, of course, could only apply to artilh^ry. 
Inasmuch, however, as projectiles inevitably lose speed during 
their flight, and consequently the same shot can never have 
the same mean velocity for different distances, the above 
figures cannot be taken as strictly applicable to any single 
shot, and could only be correct if applied to a series of 
separate shots giving an equal mean velocity for all the 
ranges indicated: If, for instance, a 12-bore spherical ball 
had a mean velocity of 1500ft. per second over a 50 yards 
range, it would leave the muzzle with a speed of about 1 650ft. 
per second, which would be reduced below 1400ft. velocity in 
going the 50 yards. Obviously, then, the first half of the 
distance would be accomplished in less time than the second 
half ; and the extent of the drop during the first half of any 
given range must consequently be less than one-fourth of the 
drop occurring in the full range. For short distances, how- 
ever, the proportions may be assumed to be approximately 
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correct; and it will suffice to say, in round numbers, tbat, 
with a mean velocity of 1500ft. per second, there would be a 
drop of about half an inch in the first 25 yards, and about an 
inch and a half between 25 and 50, making two inches for the 
60 yards. And in like manner it may be assumed that the 
height of the trajectory is about one -fourth of the total drop, 
although it is always more than one-fourth. With heavy 
elongated projectiles the one-fourth approximates much more 
closely than with light Express bullets and spherical balls ; 
and the longer the range the less accurate is the foregoing 
estimate, especially with the lighter bullets. 

The writer of this was asked, not long since, to define the 
share in the formation of the trajectory- curve which is due to 
gravity alone, and the share which is due only to air-resistance. 
Strictly speaking, the whole is directly produced by the action 
of gravity, although a portion is the indii'cct result of atmo- 
spheric resistance. The drop of the bullet (from which the 
curve results) is, as recently stated, a definite quantity 
dependent upon the time of fall. The effect of air-resistance 
is to lessen the bullet^s speed ; it thereby lengthens the time 
taken to traverse a given range ; and the drop is thus 
increased, by the force of gravity being enabled to operate for 
a longer period of time. 

In one sense, however, an answer may be given to the 
foregoing question. If there were no air-resistance, the 
muzzle velocity of the bullet would be its velocity throughout 
the range ; by dividing the length of range by the bullet^ s 
velocity, you get the time of the trajectory; and from this 
the drop may be ascertained. Thus, a bullet with 1500ft. 
uniform velocity would traverse 500 yards in one second ; and 
there would be a drop of 16ft. due to grcivitation alone. But, 
in actuality, the velocity is always decreasing, and a bullet 
that starts with 1500ft. velocity from the muzzle would have 
much less velocity at the end of 500 yards ; consequently it 
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would take more than a second to traverse the distance, and 
therefore would drop more than 16ft. The difference between 
16ft. and the actual drop will be the portion due to the 
action of air-resistance. 

It may be said, however, that this gives no idea of the 
extent of the drop indirectly caused by the air in any given 
distance ; and such a remark would be perfectly true. It is 
easy enough to give the vague general answer, but by no 
means so easy to furnish the special reply directly applicable 
to any particular instance. Every case must be dealt with 
according to its own circumstances. You require, in the first 
place, to know the weight and shape of the bullet, the bore, 
and the velocity ; from these facts, by a procc'ss of calculation 
that will hereafter be described, you may ascertain how much 
the velocity will be reduced in a given distance, and therefrom 
you may calculate the time the bullet would take to traverse 
the range, and from this period of time you Nvill deduce 
the total amount of drop. When you have got sucli 
particulars, you may subtract from this total drop the corre- 
sponding amount derived from the supposititious case of the 
bullet losing no velocity, and the dift’ercuice will be the 
portion due to air-resistance. 

The knowledge of the result in one case will not, however, 
necessarily afford information as to the result in another, 
unless the velocities are alike, and weight and boro in the 
same proportions in both instances. An alteration in the 
initial velocity will give a different result with the same 
bullet ; an alteration in the bullet will give a different result 
from the same initial velocity; and several different bullets 
fired with the same charge of powder from the same rifl(‘, will 
give widely divergent differences. Here are the estimated 
results (without descending to very minute fractions) obtained 
from firing a solid elongated bullet, a hollow elongated 
bullet, and a spherical ball, each with Gdrs. of powder, from 
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a rifle of ‘577 bore. The two elongated bullets had very 
nearly the same muzzle velocity, but the spherical bullet had 
about 150ft. higher initial speed than the other two. The 
differences at 100 and 200 yards are given with all three. 

Total Amount of Drop. Air-rYs?ilmco. Difference. 

, , InlOOyds. In2fK)ydfi. In JOOyds. In 200ydB. In 100yds. In 200yds- 

Solid bullet 321 ^. S^in. ... ... llin. 

Hollow bullet ... Cijin. ... 34m. riiiii. ... 21 in. IJin. ... 13in. 

Spherical shot... TJin. ... 49m. 4.iin. ... 18iu. 3 in. ... Slin. 

From the middle column it will be seen that the action of 
gravity, without air-resistance, would give least drop with the 
highest initial velocity, and equal drop with equal velocity 
though different bullets. But the other columns show the 
greater effect of air-resistance on the lighter bullets, and the 
difference produced on the spherical ball is more than double 
the difference with either of the others. It is obvious, 
therefore, that no definite rule can be laid down which would 
apply to all cases. The subject of air-resistance will, how- 
ever, be more fully treated of in the ensuing chapter. 
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ATMOSPHERIC RESISTANCE. 


The amount of resistance opposed by tlie air to the passage 
of projectiles is truly marvellous. As a rule, however, most 
people have very vague notions of the force of air-currents 
or air-resistance. Everyone, no doubt, has some personal 
experience of the power of the wind, as it drives him along or 
resists his progress in stormy weather ; but ideas as to what 
the pressure amounts to are usually very indefinite. We hear, 
it is true, after the occurrence of disastrous gales, a good deal 
with respect to their estimated force; and the newspapers 
publish statements of the amount of wind-pressure which 
caused the destruction of the Tay Bridge or some other 
edifice. We learn that the wind exerts a pressure of about 
201b. per square foot when a gale blows at the rate of a mile 
in a minute; that a hurricane of 80 miles an hour gives 
a pressure of more than 301b. per square foot ; and that, 
if the velocity of the wind reaches 100 miles an hour, 
the pressure is raised to about 501b. per square foot. 

Such air-currents, however, except that they extend over 
vast surfaces, are insignificant as compared with the atmo- 
spheric pressures on projectiles moving at high velocities. 
The hurricane of 100 miles an hour travels less than 150 feet 
in a second, or with not one-tenth part of the speed of bullets 
from many sporting rifles. 

Action and reaction being equal, the pressure produced is 
the same, whether air rushes at a given speed against a motion- 
less body, or the body is propelled at the same rate in a calm 
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atmosphere, or whether movement in both serves to produce a 
combined velocity of similar extent ; so that there would bo 
the same atmospheric pressure on the front of a locomotive 
when the train runs at 40 miles an hour and meets a breeze of 
10 miles an hour, as when the engine runs at 50 miles an hour 
and there is no wind, or when it runs at 60 miles an hour and 
overtakes a 10-mile breeze that is blowing in the same 
direction. In each case the atmospheric pressure would be 
the same as if the wind were blowing at the rate of 50 miles 
an hour and the engine were standing still ; and the pressure 
per square foot would be about 12ilb. In a similar manner, 
but with greater foi’ce, would the j)ressure of the atmosphere 
act on bullets in motion. 

What may be the amount of pressure exerted by the air on 
moving projectiles was ascertained a few years ago by the 
Rev. F. llashforth. Professor of Applied Mathematics to Royal 
Artillery Officers at Woolwich. He found, as the result of 
experiments cari’ied out by order of the Government, that with 
a 14in. spherical shot (which is almost exactly one square foot 
in sectional area) the resistance of the air produces a pressure 
of rather more than a ton when the shot is moving with 
1400ft. velocity ; and that with a velocity of 1900ft. per 
second the resistance is increased to more than two tons per 
square foot. With shot of larger or smaller sizes, the 
pressure, with the same velocity, is proportionate to the 
amount of surface the projectiles present to the resistance of 
the atmosphere, and consequently would be at the rate of 
a ton or two tons per square foot on a spherical bullet, if 
moving at the speeds stated ; but a 4-bore bullet would only 
be about the of ^ scpiare foot, and one of •500in* 

diameter would be about the of a square foot, 

and the pressure in proportion. No wonder, when they 
encounter such resistance as this, that projectiles of all kinds 
fall off in velocity as they pass through the air. 
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With bullets of light weight the loss of speed is much more 
considerable than with heavy projectiles ;* for shot of the same 
shape, and moving with equal velocity, meet with a resistance 
which, as just stated, is proportionate to the amount of surface 
they present to the atmosphere as they rush forward, where'as 
their weight, and consequent momentum, is by no means in 
equal proportion, but decreases at a much more rapid rate 
than their diminution of surface. Thus, the 14in. round shot 
just alluded to would weigh about 3^ cwt., and the air- 
resistance would have a much less retarding effect on so 
heavy a mass than it would have on a 4-bore bullet of about 
an inch in diameter, for the weight of the 14in. shot would be 
about 1600 times as great as that of the inch bullet, but its 
surface would only be about 200 times as great. In like 
manner, a pellet of Xo. 6 shot, which is about 
in diameter, would be more retarded than the 4-bore bullet. 
Such a bullet is heavier than a thousand pellets of No. 6 shot, 
whereas its area of resistance is barely a hundred times as 
great; and while the air-resistance would depend on the 
diameter, the momentum, or, in other words, the staying 
power of the respective projectiles, would be proportionate 
to their weight. Hence, the 14in. cannon ball, with 1400ft. 
initial velocity, would only lose about 20ft. of its speed in the 
first 50 yards ; and the 4-bore bullet would fall off about 
150ft. in velocity in a like distance; whereas a No. 6 pellet 
would soon be reduced to less than half of its original speed, 
for if it started with a velocity of 1400ft. per second, it would, 
after travelling 50 yards, have little more than 600ft. velocity 
remaining. 

Were it not for this resistance of the atmosphere, small 
shot would not lose speed any faster than large ones, nor 
spherical balls more rapidly than elongated bullets. Indeed, 
there would be no loss of speed at all in projectiles fired 
horizontally, for they would simply be drawn down towards 



ATM08PHEBIC RESISTANCE, 


61 


the earth by force of gravity. When fired in a direction 
away from the earth they would be reduced in velocity during 
their ascent, owing to the retarding influence of gravitation ; 
but the decrease would be a comparatively slow process, and 
the speed lost in the rise would be regained in the fall. Under 
such circumstances, a ball fired vertically into the air with 
1400ft. initial velocity, would, whatever its weight and shape, 
ascend to a height of more than 30,000ft., or about six miles ; 
and in its descent it would acquire the same velocity that it 
had on leaving the muzzle of the gun. Under existing condi- 
tions, however — encountering, as it does, the resistance of the 
atmosphere — a bullet with the initial velocity just mentioned 
might not rise to a quarter, a tenth, or a twentieth part of 
the above-named distance ; and the height of the ascent would 
vary with the weight and shape of the projectile. In the 
descent, too, the shot would again encounter the resistance of 
the air, and instead of re-acquiring the speed it had on 
leaving the gun, it would reach the ground with a compara- 
tively low velocity. It is stated, indeed, that the utmost 
velocity attained by the old-fashioned musket-ball during its 
descent to the earth, after being fired high up into the air, 
was but little over 200ft. a second; for the resistance of the 
atmosphere suffices to prevent any increase of velocity beyond 
a certain point, when a body descends by the mere force of 
gravity; but that point would not be alike with all projectiles, 
as it would depend upon their weight and dimensions, and 
consequent power of overcoming resistance. 

The Fokm of the Bullet. 

The shape of the bullet has a very great deal to do with 
the amount of resistance it encounters in making its way 
through the atmosphere. Spherical shot are ill-fitted for 
maintaining their velocity — first on account of the large 
amount of surface in proportion to weight (especially in small 
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projectiIes)j and, secondly, because they are badly formed for 
thrusting tlieir way througli tlie air. BJongated shot have 
much more weight in proportion to the extent of surface 
directly opposed to atmospheric resistance, and in such pro- 
jectiles, therefore, one objectionable quality appertaining to 
spherical balls is got rid of ; but if the head of the elongated 
projectile be shaped like the half of a round ball, the second 
objectionable feature above alluded to is retained, and an 
elongated bullet with hemispherical head will encounter con- 
siderably more resistance from the air than will another bullet 
similar in size but better in form. In the hemispherical bullet 
there is a "" bluff ness '' that reminds one of the full, broad 
bows seen in old-fashioned slow-moving sailing vessels ; and 
as we know that the speed of nliips depends largely upon the 



Fig. 7. 



Pig. 8. 




J’lG. 9. Fig. 10. 


^ lines on which they are built, so do we find the velocity of 
the projectile influenced by its shape. In the one case as in 
the other, the amount of resistance is determined, not merely 
by the bulk and speed of the moving body, but also by the 
lines or curves which that body presents to the fluid through 
which it has to force its way. 

In the above figures are shown sections of several half- 
inch or -SOO-bore bullets, which differ in the shape of their 
heads, but are alike in the body, being two diameters (or 
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one incli) each in length, independently of head. In Fig. 7 
the head is hemispherical ; in Fig. 8 and Fig. 9, both heads 
are ogival in shape (like the pointed windows and arches of 
Gothic buildings), though they differ in their curves, which 
are formed on a radius of one diameter in the former case and 
of two diameters in the latter. In Fig. 10, the curvature 
at the shoulder is similar to that in Fig. 9, but the point being 
rounded o£P, it becomes elliptic, or, rather, hemispheroidal at 
the end. The bullets are shown with equal length of body, 
in order that the difFerence in shape of the head may be more 
obvious ; but, of course, if the bullets had to be made of 
equal weight, the body of the longer bullets would have to be 
somewhat shortened. 

Bullets shaped like Fig. 7 encounter considerably more air- 
resistance than do those formed like Fig. 8 or Fig. 9. The 
difference between the latter two is but trifling as regards 
resistance, although one is more sharply pointed than the 
other ; and it is a curious fact, too, that the removal of the 
point has very little influence on the atmospheric resistance, 
which depends less on the sharpness of the bullet at the 
apex than on the nature of the curvature at the shoulder. 
Professor Bashforth found, as the result of experiments with 
elongated projectiles having heads of different shape, that the 
resistance to the hemispherical head (Fig. 7), at a velocity 
between 1100 and 1200 feet per second, was about 25 per cent, 
greater than with either of the other forms shown in Figs. 
8, 9, and 10. He says : ^^The resistance to the hemispherical 
head was decidedly greater than that opposed to the remain- 
ing three forms. The resistance of the air to the hemisphe- 
roidal and the ogival heads varied so little that it was plain 
that any of these forms most serviceable in other respects 
might be safely adopted. The slight variations in the resist- 
ances to the three latter forms lead to the conclusion that 
the amount of resistance offered by the air to the motion of 
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elongated sliot is little affected by the more or less pointed 
apex^ but depends chiefly upon the form of the head near its 
junction with the cylindrical body of the shot. In this neigh- 
bourhood the forms of the hemispheroidal head and the ogival 
head struck with a radius of two diameters are the same, and 
the resistances are little differcnt.^^ 

Between the perfectly flat head and the hemispherical head 
there is not a very large amount of difference as regards air- 
resistance, though it is rather greater with the former than 
with the latter. It is strange, however, that with ordinary 
round shot there should be much more resistance than with 
elongated bullets having rounded heads, and more even than 
with flat-headed projectiles. It has just been stated that 
there is about 25 per cent, more resistance with bullets 
shaped like Fig. 7 than with the other shapes figured; and 
the resistance increases to about 30 per cent, with flat-headed 
projectiles ; but with round shot the resistance is upwards of 
40 per cent, more than with elongated shot like Pigs. 8, 0, 
and 10, at the velocity previously stated, and at a lower velocity 
(1000ft. per second) it is about 90 per cent, more ; for with 
change of speed the degree of the resistance does not alter in 
similar proportion with the different projectiles, as will be 
obvious from the following table, where the velocities range 
from 1000 to 2000 feet per second. Here the figures relating 
to 14in. round shot are included in order that the air-resist- 
ance on projectiles of this diameter may be regarded as 

pressure per square foot,^' a 14in. circle being just about one 
square foot in area. 

In the case of the bullets of *500 bore, the last two columns 
will show the respective pressures on projectiles of half an 
inch diameter ; but elongated bullets are, of course, much 
heavier than spherical balls of the same bore, and therefore, 
in order to indicate the proportion which the pressure bears 
to the weight of the bullet, a number is in each case placed 
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between parentheses. Thus, in the first line, the pressure of 
the air on the • 500-bore elongated bullet is indicated as equal 
to about ten times the weight of the projectile, whereas that 
on the spherical ball of the same diameter is about forty times 
the bullet’s weight. Hence it is that the spherical ball loses 
speed so much more rapidly. 

Amount of Air- Resistance at different Velocities : 


With 14-inch Shot. With -SOO-boro Bullets. 


Velocity. 

Ogival. 

Spberical. 

Ogival. 

Spherical. 

Ft. -sec. 

Ibe. 

lbs. 

lbs. 

lbs. 

1000 

.... 456 .... 

859 

.... 0-58 ( 10 ) ... 

1*10 ( 40 ) 

1100 

.... 866 ... 

1227 

... 1-10 ( 19 ) .. 


1200 

.... 1153 ... 

1614 

... 1-47 ( 26 ) .. 

2-06 ( 74 ) 

1300 

.... 1453 ... 

1977 

... 1-85 ( 33 ) .. 

2*52 ( 91 ) 

1400 .... 

.... 1794 ... 

2361 

... 2-23 ( 40 ) .. 

3*01 ( 108 ) 

1500 

2012 ... 

2755 

... 2*57 ( 46 ) .. 

3-51 ( 126 ) 

1600 

2238 ... 

3179 

... 2-85 ( 51 ) .. 

4*06 ( 146 ) 

1700 

.... 2483 ... 

3613 

... 3*17 ( 57 ) .. 

4-61 ( 166 ) 

1800 

2745 ... 

4055 

... 3-50 ( 63 ) .. 

5-17 ( 186 ) 

1900 

3011 ... 

4539 

... 3-84 ( 69 ) .. 

5*79 ( 208 ) 

2000 

3351 ... 

5060 

... 4*27 ( 76 ) ... 

6-45 ( 232 ) 


For the purpose of the above comparison with •500-bore 
bullets, the elongated projectile has been assumed to be double 
the weight of the spherical ball. Thus, supposing the latter 
to weigh about 200 grains and the former 400, the air-resist- 
ance to the spherical ball would, at 1000 ft. -sec. velocity, be 
equal to nearly 40 times the weight of the ball, whereas with 
the elongated bullet it would bo only about 10 times the 
weight of the projectile ; and with higher velocities the pres- 
sure would go on increasing as shown by the respective 
numbers. If the elongated bullets were of more than double 
the weight of spherical balls of the same bore — as many are 
— the contrast would be still greater than is here shown. 

Differences of Barometrical Pressure. 

It was intimated in a previous page that difference of baro- 
metrical pressure has, in some cases, a considerable effect on 
the amount of retardation produced by the air, and conse- 

F 



66 TSE MODERN SPORTSMANS GUN AND RIFLE. 


quently on the extent of the ^^drop^^ in the bullet ; and the 
longer the range and the lower the velocity, the greater this 
difference will be, while with short ranges and high speed the 
effect will scarcely be noticeable. Spherical balls are more 
sensitive to the change than elongated projectiles, and heavy 
bullets less so than light ones. Eeference has been made in 
a previous page to two sportsmen who went on a shooting 
excursion across the Himalayas into Thibet, and who found 
great diflSculty in hitting their game in the hill country ; and, 
as already remarked, it seems probable that the result may 
have been due in some measure to the difference of the drop 
of the bullet in a rarefied atmosphere. What the greatest 
height was at which these gentlemen used their rifles is not 
apparent from the account of their doings. They ascended 
to the height of about 20,000 feet, yet it is not probable that 
they continued to shoot up to that elevation ; but as mention is 
made of kakur or barking deer being found up to the height 
of 10,000 feet, and musk deer up to 12,000 feet, and of the 
party having gone in pursuit of tahr, or wild goat, at 
greater elevations, it may well be presumed that they used 
their weapons where the barometric pressure was less than 
20 inches, which would be at about 11,000 feet high.* The 

highest inn in Europe,^^ on the Riffelberg, in the Alps, in 
the neighbourhood of the Matterhorn, is about 8500 feet 
high ; and at this height the barometer would mark about 
22 inches — a fact which may perhaps be of some little interest 

♦ Since the above was written, two letters have appeared in the I'imes 
(Sept. 13, 1883), descriptive of mountain-climbing in the Himalayas, by Mr. 
Graham, a member of the Alpine Club, with two Swiss attendants. Writing 
from a camp at an elevation of 14,000ft., he says : ** Boss is shooting. There is 
not much sport, but I was lucky enough to get a fine ounce or snow leopard. 
The peak Kang La, which imboden and I ascended, is cither 20,300ft. or 
20,800ft., according to the two known surveys ; so that I shall not return quite 
empiy handed.'' And in the second letter Mr. Graham said : ** Wo managed to 
bag another peak, which I have taken the liberty of calling Mount Monal, on 
account of the quantity of these fine birds on its lower slopes. Height, 22,32Cft. 
by Government survey." 
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in connection with this subject, as chamois are still to be 
found in the district. 

The reduction of barometrical pressure has a very similar 
influence upon the motion of the projectile to that which 
would be produced under ordinary atmospheric conditions 
if an addition were made to the weight of the bullet without 
enlarging its area or lessening its initial velocity. Under 
such circumstances a less amount of retardation would result 
from the resistance of the air. A fall in the barometer from 
30in. to 29in. would be like multiplying the number of grains 
in the projectile by or, in other words, increasing it by 
^^th of its weight ; thus, in the case of the Martini-Henry 
bullet, raising it, in effect, from 480 grains to about 
490^ grains. And if the barometric pressure diminishes 
to 20in., the effect would be similar to multiplying the 
bullet^s weight by and thus increasing it by one-half, 
which would be similar to an increase of the Martini-Henry 
bullet from 480 up to 720 grains. Such, indeed, is the 
likeness of result, whereas the difference in cause is, that 
in the one case less obstruction is offered by the reduced 
weight of the air, and, in the other, that the power of over- 
coming obstruction is enhanced by the increased weight of 
the bullet. 

The modem Express rifle has considerably altered the 
condition of things from what they were formerly ; and there 
is nowadays much less necessity for the exercise of a 
discriminating judgment than there used to be when none 
but spherical balls were in vogue. As the Himalayan 
excursion already alluded to took place some twenty years 
ago, the rifles used were not Expresses, and the spherical 
balls employed were by no means of large dimensions. The 
rifle carried by the writer of the narrative was only a 24-bore 
(almost exactly the same diameter as the *577 Express), 
which, with a spherical ball, must necessarily have had a very 
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liig^h trajectory at the long ranges at which it appears to have 
been used by him; and its susceptibility to differences of 
atmospheric pressure must have been considerable accordingly. 
If this rifle gave an initial velocity of, say, 1500ft. per second, 
its bullet would, in a range of 200 yards, drop about Hin. less 
for every inch of fall in the barometer. Supposing, then, 
that these sportsmen were shooting at such an elevation that 
the atmospheric pressure indicated on the barometer was 
reduced from 30in. to 20in., and that their rifles had been 
sighted in England, where 30in. is the normal height of the 
barometer, the 24-bore bullet, after a flight of 200 yards 
through the air, would be about loin, higher than the spot 
aimed at, so that a bullet which, under ordinary circum- 
stances, would have killed or wounded an animal, might pass 
clean over its back in consequence of the diminished 
resistance of the atmosphere. 

At short distances, however, the variations of drop from 
this cause are so small as to be practically unnoticeable, 
especially with heavy elongated projectiles ; but even with 
these the differences are more marked as the distances 
increase, and at long ranges they become very considerable. 
The difference may be said, in round numbers, to increase in 
proportion to the cube of increase in range, so that if the 
bullet were an inch high at one distance, it would be about 
Sin. high at double the distance. With heavy elongated 
bullets, such as the Martini-Henry, the proportion keeps very 
near to the cube ; with spherical balls there is a greater ratio 
of difference, as will be seen by the following figures : 

Diffeeence in Deop of Bullets with 1 inch Diffeeence in 
BaEOMETEE (29" AND 30"). 

Martini-Henry, with 
1350 ft. -sec. mnzzle 

velocity 

24-bore spherical ball,') 

with 1500 ft.-sec. >... 0*17in. ... rClin. ... 15-7in. 
muzzle velocity ...J 


AtlOOyds. AtaWyds. At400ydB. At 80(»ydi!. 

|... 0*04iu. ... 0*3tin. ... 2-6in. ... 22in. 
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Dipfebence in Dbop with lOlN. Dippebence in Babometeb 
(20" AND 30"). 

At lOOjds. At 200yds. At 400yds. At SOOyds. 

Martini-Henry, with *) 

1350 ft.-sec. muzzle ^ ... 0‘43in. ... 3*6in. ... 2ft. 2in. ... 17^ft. 

velocity 

24-bor6 spherical ball, 
with 1500 ft.-sec. 
muzzle velocity ... 


j... r70in. ... 15*4in. ... 13ft. Oin. 


It will be observed tbat, witb every doubling of distance, 
the difPerence with the Martini- Henry bullet increases in 
about an eightfold degree, whereas with the spherical ball 
it is even greater, the increase being tenfold or thereabouts ; 
and although, when the barometer falls from 30" to 29" 
(which might happen in the course of a few hours in these 
islands), the 24-bore bullet would show only about -iin. 
greater variation than the Martini in 100 yards, yet the 
augmentation is so rapid that the difference in the height 
of the spherical ball at 400 yards would exceed loin., 
although in the case of the long bullet it would be less than 
Sin. With the great reduction in barometrical pressure that 
occurs in high mountain regions the differences increase 
accordingly. Thus, at the height of about 11,000ft. (where the 
barometer marks only 20" instead of 30") the bullet loses no 
more velocity in traversing 300 yards of this attenuated air 
than it would in passing through 200 yards of the heavier 
atmosphere near the sea level. Consequently, about ttm 
times as much effect is produced by the lOin. reduction on 
the barometer as by the lin. fall previously alluded to ; and 
in 400 yards the difference with the 24-bore spherical ball 
would amount to about 13ft., so that the bullet which would 
strike less than Tiin. high at 100 yards would increase 
the difference in height more than ten times for every 
doubling of distance. Obviously, it would be useless to give 
the difference with the spherical ball in mnges beyond 
400 yards. 
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It may probably be said that nobody would think of firing’ 
at game 400 yards off with a 24^boro spherical ball. I hose 
particular remarks^ however, are not intended to demonstrate 
what would be done nowadays, but to illustrate principles 
that are still in force by striking examples of what was done 
in days gone by ; and the writer quoted said, in one part of 
his narrative, after alluding to game found at elevations 
up to 11,000ft.: amused myself with three long shots at 

a gooral, who was feeding about 400 yards off, down a khiid, 

but missed him He could not see me, and, on the 

first two shots being fired, seemed not to understand it at 

all The third bullet, hitting the ground close to his 

feet, roused him from his fancied security, and away he 
bounded out of sight. This animal was probably much 
farther off than I have stated; for distance is so deceptive 
in mountainous ground, and I should not have seen him at 
all if I had not discovered him with the aid of ]ny 
binoculars.^' 

Elongated projectiles, more especially hea^y ones, are 
affected much less than spherical ball; but the following 
figures will show the regularity of increase in velocity and 
diminution in drop of a Martini-Henry bullet in a lOOU-yards 
range, with each successive reduction of an inch in the 
barometric scale. The last column shows the consequent 
rise of the bullet above the mark aimed at, supposing the 
elevation of the rifle to be equal throughout. The initial 
velocity of the bullet is taken at 13o0 feet per second, and 
the third column shows the remaining velocity at the end 
of the 1000 yards range. A text-book issued by Government 
for officers at the School of Musketry gives the muzzle 
velocity of the Martini-Henry as 1305 ft. -sec. ; but various 
chronograph records have not greatly exceeded 1300, so 
that 1350 is taken as an intermediate round number. 
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Barometer. 

Height above 
sea-level. 

Velocity of 
bullet at 

1000 yards. 

Drop of 
bullet in 

1000 yards. 

Hoi^rht of 
bullet 

above mark. 

30in. .. 

0 

.. 672 ft.-sec. ... 

186-0 feet ... 

0 

29 ... 

841 feet 

.. 684 „ ... 

182-1 

»> 

3-9 feet 

28 ... 

1832 „ 

. 696 

178-3 

99 • • • 

7-7 „ 

27 ... 

2859 „ 

. 708 „ ... 

174-6 

99 • • • 

11-4 „ 

26 ... 

3926 „ 

. 720 „ ... 

171-0 

99 •• • 

15-0 „ 

25 ... 

5033 „ 

. 733 „ ... 

167-3 

99 • • • 

18-7 „ 

24 ... 

6186 „ 

. 746 „ ... 

163-6 

99 • • • 

22-4 „ 

23 ... 

7389 „ 

. 759 ... 

160-1 

99 • • • 

25-9 „ 

22 ... 

8644 „ 

. 773 „ ... 

156-7 

99 

29-3 „ 

21 ... 

9958 „ 

. 787 

153-3 

99 ... 

32-7 „ 

20 ... 

11336 „ 

. 801 „ ... 

150-0 

99 • • • 

36-0 ., 


Express rifles vary so mucli in tlie velocity and weight of their 
projectiles, and the atmospheric resistance alters so greatly 
in ranges of different length, that a very extensive series of 
tables would bo required to set forth the relative effect of 
changes in barometrical pressure with Express bullets differing 
in size, weight, and speed ; but sufficient has been said to 
show that, at ordinary sporting ranges, with our modem 
weapons, the reduction of weight in the atmosphere affects 
the drop of the bullet only to the extent of inches, where 
formerly the difference amounted to feet. 

It may be as well, however, to give the folkn\dng two as 
typical examples; but the inch-by-inch variation differs so 
little from the mean of lOin. that it is not thought necessary 
to give the figures throughout : 

Drop op Express Bullets at Different Barometrical 
Pressures. 

*450 BORE; 260gr. Bullet; 1900 pt.-sec. Muzzle Velocity. 


Droj) ©f Bullet in 

Heifrht of t ^ \ 

Barometer. lOOydH. 150yds. 20(»yils. :{{K)yds. 400yds. 

30" 6 09in. ... 15*50m. ... 3r25m. ... SSOOin. ... lOrSlin. 

29" 603 ...15-31 ...30-71 ...8690 ...18706 


20" 5-62 ... 13-69 ... 2643 ... 7026 ..14689 


Total redaction 

in 10" 

Mean reduction 
per 1" 


0-47in. 

0-05 


l-81in. ... 
0-18 ... 


4-82in. ... 18-70in. ... 44-62in. 
0-48 ... 1-87 ... 4-46 
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*450 BOSE; 

360 gb . Bullet; 1600 pt.-sec. 

Muzzle Velocity. 

Hei|?ht of 
Barometer. 

30" 

29" 



Drop of Ballet in 


"lOOyds. 

.. 8*09in. . 
.. 8 04 .. 

150yds. 

.. 19*89in. 
19*72 

200yds. 

... 38*58in. 
... 38*12 

.SOOyds, 

... 101*94in. . 
... 100*4^4 

400ydB? 

.. 207*01in. 
.. 203*60 

20" 

.. 7*63 . 

.. 18*25 

... 34*35 

... 86-74 . 

.. 172*24 

Total reduction ] 
in 10" .. J 

[ 0-46in. 

l*64in. 

... 4*23in. 

... 15*20in. .. 

34*77in. 

Mean reduction \ 
perl" j 

■ 006 

1 

. 0*16 

... 0*42 

... 1*52 .. 

. 3*48 


It will be seen that at 100 yards the reduction of drop is 
almost exactly the same with both bullets ; but on comparing 
100 with 200 yards, 160 with 300, and so on, it ^vill be found 
that the rate of reduction proceeds more rapidly with the 
lighter projectile, there being in double the distance more than 
a ninefold difference with the 260gr. bullet, and little over 
eightfold with the 360grs.; and at 400 yards the latter is about 
seventy times greater than at 100 yards, while the former is 
about ninety times greater. The light bullet suffers most 
from air-resistance at high barometrical pressures, and con- 
sequently receives most advantage from their diminution, and 
the result is shown in its flying higher than the heavier bullet 
of the same bore. 

There is another way, too, in which atmospheric resistance 
affects bullets, though not in a great degree such as are used 
for sporting purposes. As stated in page Gl, bullets are 
retarded by the air when falling towards the earth ; and this 
especially affects the drop of those fired at very long ranges. 
The time of the Martini-Henry for 1000 yards is nearly 3^ 
seconds ; in that time the velocity of descent would exceed 
100 feet per second, but the more rapid the drop becomes, the 
greater is the resistance encountered, so that the jirojectile 
is to some extent, buoyed up by the air during its descent. 
This would operate on light bullets to a greater extent tlian 
on heavy ones if the range were equal, and would tell most 
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on those that have great length in proportion to diameter. 
Sporting weapons, however, are seldom fired at distances 
that take more than a second for the bullet to traverse ; and 
the air-resistance in a drop of one second would not be a 
tenth part of that which occurs in a drop that lasts for 3i 
seconds. 

Temperature and moisture are other causes of variation in 
the weight of the air, and consequently alter the amount of 
resistance it offers to the passage of the bullet. Fortunately, 
however, in many cases the alteration due to temperature tends 
to counteract the alteration due to elevation. In high mountain 
ranges the barometrical pressure diminishes, and so does the 
temperature ; but the weight of the air is increased by the 
latter and decreased by the former. This subject, however, 
will be further alluded to in the chapter relative to the esti- 
mation of trajectories, as likewise will that of moisture in the 
atmosphere. 

The force of the wind also has an influence on the drop of 
the bullet. It is commonly said that a head wind “ beats the 
bullet doAvn,^^ whereas a wind from the rear drives the 
bullet up.^’ These expressions, however correct they may 
be in the sense of the bullet being placed higher or lower on 
the target, are apt to mislead as to the cause of the difference 
of position. The beating down ” is not to be taken in its 
strictly literal acceptation, but as representing the effect pro- 
duced by a lesseningof the speed of the bullet — inconsequence 
of which it takes a longer time to traverse a given distance ; 
and the longer the time the greater is the amount of drop, 
as already explained. The wind from the front or roar pro- 
duces, indeed, a somewhat similar effect to a rise or fall in the 
barometer : it increases or diminishes the amount of resistance 
encountered by the bullet, and thus, by affecting its speed, 
indirectly lessons or increases the drop. Let us suppose, for 
example, that a bullet has a mean velocity of 1200ft. in a 
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400-yards range: it would thus take just one second to 
traverse the distance, if there were no wind. If, ho\\o\or, 
there were a head wind, the bullet would be delayed in pio- 
portion to the wind^s velocity. One mile an hour is equal to 
rather more than 17 Jin. a second ; and, taking half a yard 
per second as a round number, a wind of twenty miles an 
hour would be equal to 10 yards a second. A bullet meeting 
with such a head wind would be retarded to the extent of 
about 10 yards in the 400-yards range above mentioned, and 
consequently would take rather more than a s(?cond to traverse 
the distance ; whereas, if it had a rear wind of the same 
velocity, it would do the like distance in rather under a second. 
The efPect would bo similar to increasing the range to 410 
yards in the one case, and reducing it to 390 in the other, if 
there were no wind. The difference may seem small, but the 
drop, as already stated, is in proportion to the square of 
the time, and the difference between the two positions of the 
bullet would be about 19in. ; the one being about 9-Jin. above 
and the other about 9fin. below what it would have been had 
there been no wind. In a range taking double the time, the 
difference would be increased fourfold ; in one of half the time 
there would be only a fourth of the difference, and so on. 
Hence (if wo assume the mean velocity to be equal in each 
case) there would be in 100 yards a variation above or below 
of little more than half an inch ; but in 1000 yards the varia- 
tion would be about 5ft. each way. This is on tlie suj)positioii 
that the wind has a velocity of twenty miles an hour. If the 
velocity were but ten miles an hour, the difference of drop 
would be but half as much; and so with other wind velocities. 
Moreover, the supposition here is that the mean velocity (»f 
the bullet is uniformly 1200ft. per second ; but every l)iill(?t 
having a different velocity would require a different estimation, 
and as all bullets lose speed during their flight, there would l)e 
some amount of variation with every change of distance. 



CHAPTER Y. 

PRODUCTION OP MOTION BY COMBUSTION OF PO'ttTER.. 


The motion of projectiles is often spoken of as though it 
were produced instantaneously. Such, however, is not the 
case; for, brief as may be the period of time occupied in 
imparting motion to the bullet, its velocity is acquired by 
a process of gradual d(;velopment, in much the same way 
as the speed of the railway train already alluded to; and, 
in like manner as there arc differences in the rate of getting 
up speed in engines constructed for heavy goods trains and 
those made for the short quick spurts between metropolitan 
passenger stations, so is the speed attained differently in fire- 
arms constructed for different purposes and used with powders 
of different make. 

Those powders that evolve their gases slowly, by reason 
of highness of density or lai’geness of grain, impart speed 
slowly to the mass they have to impel ; while powders that 
are small in grain, or light and porous, ignite more rapidly, 
and, by a quicker evolution of gas, put -greater immediate 
pressure on the projectile, which accordingly is driven at 
higher speed for the time during which the pressure lasts. 
Anyone can see, in a small way, the difference of action 
between fine and coarse powder by casting a pinch or 
two upon a fire. That of fine grain flashes up briskly the 
instant it touches the red-hot coals ; the largo grain goes off 
comparatively slowly and lazily ; while the coarse-grain punt- 
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powders are rather surprising in the length of time they take 
before they pufE off. I have found some of the coarsest grain 
refuse to ignite by the mere application of a lighted match, 
just as lumps of coal remain unignited by burning sticks that 
suflSce to inflame the same coal in smaller fragments. 

If the greatest amount of impulse from equal quantities of 
powder were alone to be considered, fine and light-grained 
powders should give the highest results, especially in the 
short barrels used for sporting purposes. But there are 
other matters also to be taken into consideration, not the 
least of which is danger ; and that powder which puts most 
pressure on the shot will also put the greatest strain upon 
the barrel, and be more likely than any other to burst the 
gun. 

The amount of force that may be developed by the gases 
of burning gunpowder is so immense that no ordinary small- 
arm barrels would withstand the strain if fully exerted. 
Among a number of experiments carried out at Woolwich, 
a few years ago, by Capt. Noble and Professor Abel (details 
of which have been published in the J^hilosojfliical Transac- 
tions of the Royal Society were a serit*s for the purpose of 
ascertaining the force of gunpowder when exj)loded in a 
closed chamber completely filled by the powder and strong 
enough to prevent any escape of the gases. Among the 
powders experimented on was Curtis and Harv(?}^s well- 
known No. G ; and in this case the pressure was found to 
be equal to about 42 tons per square inch. In some of tlie 
Government powders the pressure was even higher than this. 

In a loaded gun, a small portion of the barrel is comj)letely 
filled with powder; and if this powder, when fired, remained 
closely confined within that limited space, the gases would 
develope the pressure of more than 40 tons per scjuaro inch, 
irrespective of the size of the gun or the quantity of powder 
employed. 



MOTION BY COMBUSTION OF POWDER. 


77 


It may not unnaturally be asked, if such be the case, how 
it is that greater results are not obtained from charges of 
powder less than those generally used. There are, however, 
several reasons for this. In the first place it must be remem- 
bered that, although the powder may fill a given space in 
a gun, it is not, as a matter of fact, closely confined ; for 
the chamber in which the powder is fired undergoes continued 
enlargement through the movement of the shot, when once 
the gases have developed force enough to set the projectile 
in motion. Thus, 3drs. of powder occupies less than an inch 
of the barrel in a 12-bore gun; but before the shot leaves 
the muzzle, the gases have expanded into a space more than 
thirty times as great as that which the powder originally 
occupied. Prior to the shot moving from its position, its 
base, or portion ben ring on the powder, forms about -fth of 
the area on which the gases exert their pressure ; but when 
the shot gets to the other end of the barrel, its base repre- 
sents less that the -g^th part of the area on which the gases 
press. And this is not all the difference between the powder 
gases which are able to expand and those which cannot do so. 
The more closely they are confined, the greater is the pressure 
they exorcise ; the greater the pressure, the greater is the 
heat developed ; and the more intense the heat, the more 
expansive become the gases, and the larger is the amount 
of forpo which they exert ; so that a repeated action and 
reaction goes on, increasing the pressure of the pent-up gases, 
until the whole of the powder is consumed. AMien, however, 
relief is given by the movement of the shot, such immense 
pressure does not ensue ; consequently the heat does not 
become so intense, and accordingly, with less heat, the full 
expansive force of the gases is not developed. 

The heat requisite to ignite the powder is very different 
from that attained by the confined gases. Black powder 
ignites at from 500° to 600° Fahr., according to various 
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authorities — the differences of record probably arising from 
variations in the composition and make of the powder. The 
gases, however, attain a heat many times greater than that 
which suffices to ignite the mass, Professor Abel estimating 
the temperature at 2200° C. (about 4000° Fahr.), in which 
condition their expansive power would be enormously 
increased. 

When the gases had been cooled down to 0° C. (32° Fahr.), 
their power of expansion was still sufficiently remarkable, 
for the permanent gas^^ then remaining was found to fill, 
at ordinary atmospheric i^ressure, about 280 times the space 
occupied by the powder before it was ignited. In other 
words, the cooled gas, while shut up in the chamber in 
which the powder had been burnt, exerted a pressure 280 
times as great as the pressure of the atmosphere; and, as 
the latter amounts to nearly 151b. per square inch, the force 
of the gas would be equivalent to a pressure of about 42001b. 
per square inch. And this, be it remembered, was the force 
of the gas when cold. But the volume of gases is increased 
with rise of temperature, and that which would occupy one 
cubic foot of space at 0° C. would fill two cubic feet at 
273° C. (nearly 600° Fahr.), and there would be a similar 
increase for each corresponding rise of temperature ; so that 
the powder-gas which exerts a pressure of 42001b. when 
cold, will, when heated to 2200° C., give a pressure of 
about 38,0001b. or 17 tons to the square inch. 

This, however, still falls .far short of the 42 tons pressure 
previously mentioned ; but we must not lose sight of the fact 
that the chamber in which the powder was burnt would not 
be filled by gases alone. There always is some amount of 
fouling in the gun after it has been fired, although the 
greater portion of the solid residue is carried away when the 
gases make their exit from the muzzle. But when powder is 
burnt in a closed chamber strong enough to withstand the 
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pressure, the whole of this residue (which, when intensely 
heated, is in a fluid state) is preserved, and solidifies in the 
chamber as it cools ; and Professor Abel found that the 
residue amounted to nearly 60 per cent, of the entire weight 
of the powder originally put into the chamber, and occupied 
nearly three-fifths of the space. Making, then, due allowance 
for this, we shall find the pressure brought up to about 6500 
atmospheres, or the 42 tons already stated. 

It is obvious, therefore (even if we were disposed to allow a 
considerable margin for possible error), that the charges fired 
from our sporting guns and other small arms must contain an 
immense amount of potential force which remains undeveloped 
under ordinary circumstances. Occasionally, however, by some 
check on the prompt movement of the projectile, this may 
be brought into operation, and result in the bursting of a 
barrel that is strong enough to meet the pressures to which it 
is usually submitted, but cannot withstand the extra strain 
which results when the j^owder gases do not get their 
accustomed relief. And when anything thus prevents the 
movement of the shot, small arms doubtless give way long 
befoi’o the maximum pressure is reached, because nothing but 
the strongest ordnance could possibly withstand the strain ; 
and the gases will always force their way out by the line 
of least resistance — whether it be by pushing the shot 
onwards throughout the bore, or by driving a piece out of the 
weakest part of the barrel. 

Under some circumstances, however, when there is no 
unusual obstruction to the passage of the shot, there appears 
to be a very peculiar action on the part of quick-burning 
powder, which gives rise to a much greater pressure than that 
which is ordinarily produced by the very same powder. 

^Possibly this may account for guns occasionally bursting 
without apparent cause, after many similar charges have been 
fired with impunity. Messrs. Noble and Abel give some 
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interesting particulars on this point. They explain, in their 
paper in the « Philosophical Transactions,"’ the moans they 
had adopted to ascertain the amount of pressure produced by 
different powders. One method was to take the pressure 
directly by the crusher-gauge, and another was to estimate it 
indirectly by calculating the amount of force requisite to 
impart to the projectile the velocity which the chronoscope 
showed to exist at different points of the barrel as it passed 
from breech to muzzle. Of course, if a shot of a given 
weight be moved from a state of rest for one or more inches 
in a certain fraction of a second, a definite amount of force 
would be required to effect such movement in that period of 
time ; and if the shot, when in motion, were carried so many 
inches further in another period of time, the additional speed 
imparted would also show what amount of pressure must have 
been exerted in that section of the barrel ; and so on through- 
out the whole length of the bore. In each of these sections 
the pressure thus estimated would be the mean pressure for 
the very short space of time during which the shot was 
passing from point to point, and consequently it would be 
somewhat less than the maximum j^ressure exercised. Under 
ordinary circumstances, however, the two modes of estimation 
appear to have approximated very closely, but occasionally 
pressures were set up that were far higher even than those 
produced by powders closely confined within the space they 
occupied, Messrs. Noble and Abel make the following 
remarks on this subject : — 

“ With powders where a slow and tolerably regular combustion 
takes place, the maximum tension of the gas, obtained both by direct 
measurement and by the chronoscope, agrees remarkably closely. 
There is generally a very slight difference indeed between the 
indicated pressures; but the case is greatly different where the 
powder is of a highly explosive or quickly burning description. In 
such a case, not only are the pressures indicated by the crusher- 
gauge generally much above those indicated by the chronoscope, but 
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they differ widely in various parts of the powder-chamber, in the 
same experiment, and even in different parts of the same section of 
the bore. They are also locally affected by the form of the 
powder-chamber, and frequently indicate pressures considerably 
above the normal tensions that would bq attained were the powder 
confined in a close vessel. 

It is not difficult to explain these anomalies. When the powder 
is ignited comparatively slowly and tolerably uniformly, the 
jDressure in the powder-chamber is also uniform, and approximates 
to that due to the density of the products of combustion. The 
crusher-gauges then give similar results throughout the powder- 
chamber, and they accord closely with the results deduced from 
the chronoscoj)e observations. But when a rapidly lighting or 

brisante ” powder is used, the products of combustion of the 
portion first ignited are jDrojected with a very high velocity through 
the interstices of the charge, or between the charge and the bore ; 
and on meeting with any resistance their vis viva is reconverted 
into i)ressure, producing the anomalous local pressures to which 
we have drawn attention. 

We have pretty clear proof that, when this intense local action 
is set up, the gases are in a state of violent disturbance, and that 
waves of pressure pass backwards and forwards from one end of 
the charge to the other, the action occasionally lasting the whole 
time that the shot is in the bore. In fact, with the rapidly burning, 
and in a less degree even with the slower burning j)owders, motion 
is communicated to the projectile not by a steady, gradually 
decreasing pressure like the expansive action of steam in a 
cylinder, but by a series of impulses more or less violent. 

The time during which these intense local pressures act is of 
course very minute ; but still the existence of the pressures is 
registered by the crusher-gauges. The chronoscopic records, on 
the other hand — which are, so to speak, an integration of the 
infinitesimal impulses communicated to the shot — afford little or no 
indication of the intensity of the local pressures, but give reliable 
information as to the mean gaseous pressure on the base of the 
shot. 

The two modes of observation are, as we have elsewhere pointed 
out, complementary one to the other. The chromoscope gives no 
clue to the existence of the local pressures which the crusher- 
gauge shows to exist ; while, on the other hand, where wave or 
oscillatory action exists, the results of the crusher-gauge cannot 

G 
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be at all relied on as indicating the mean pressure in the powder- 
chamber. 

An interesting illustration of this distinction was iifl’orded by 
two consecutive rounds fired from a 10-inch gun, in one of which 
wave-action was set up, in the other not. In both cases the j»ro- 
jectile quitted the gun with the same velocity, ami tlie nn*nn 
pressure throughout the bore should of course have been the same. 
The chronoscopic records were, as they ought to be, nearly i(lt‘iitical 
for the two rounds ; but the pressures indicated by the crusher- 
gauge were in the one round (at certain points iiulicnted), 
respectively 63% 41*6, 37*0, 41*9, and 25*8 tons on the square 
inch ; in the other, at the same points, respectively 28*0, 29 8, 
30*0, 29*8 and 19*8 tons on the square inch. 

W^here no wave-action exists, the chronoscopic ]>ressures are 
generally somewhat higher than those of the crusher- gauge. Tlie 
difference is not generally greater than about 5 to ^7 per cent., 
although in the case of some exceptionally heaxy shot, this xaria-’ 
tion was considerably exceeded. Among the causes tending to 
produce this difference may be cited .—1. Friction in the parts of 
the crusher.gauge. 2. Slight diminution of pressure due to the 
windage. 3. Fi» vim of particles of the charge and products of 
combustion, a portion of which would be communicated to the 
shot, but would not take effect on the crusher-gauge. 

On the whole, the accordance of results derived from methods 
so essentially different was quite as close as could reasonably be 
expected, and entirely satisfactory.” 

But besides the extreme amount of force that might 
possibly be developed under extraordinary circumstances, 
we have also to consider the variations of force which occur in 
guns under ordinary circumstances. 

If we have gunpowders of the same composition fired in 
closely-confined chambers, the amount of force developed 
would be much more than suflScient to burst the barrels of 
small arms, whether the powder were large or small in grain 
or high or low in density; the fact that one powder takes 
longer to bum than another would not prevent its developing 
as much ultimate pressure on the confining walls. Such 
however, is not the case when the same powders are fired in 
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a gun ; for the large and dense grain would burn so slowly 
that the shot would be gradually pushed on and the chamber 
considerably enlarged before the bulk of the powder was 
consumed ; and as the development of gas would chiefly take 
place after the shot had been set in motion, the pressure 
would not become so intense as when a quick-burning powder 
gives forth all or nearly all its strength before the shot 
begins to move. 

A small persistent pressure will move an object as well as a 
much larger and more sudden application of force ; but if you 
apply only a small force, you must continue the pressure for 
a longer period of time in order to obtain an equal result. 
Who has not seen an exemplification of this when a railway 
porter lays his shoulder against a truck several tons in 
weight and pushes for a while apparently to no purpose ? 
At length, however, the continued pressure begins to tell, and 
the truck moves, very slowly at first, but gradually getting 
faster; and eventually the man walks onward with the truck 
at a tolerably smart pace. He removes the empty vehicle as 
effectually as an engine that runs against it with a strong 
bump, and gives a kick off,^^ which sets the truck running 
for some distance along the line. The work done by both is 
the same : the difference is in the time taken to do it, and 
also, no doubt, in the wear and tear of the machine. 

So it is with gunpowders. If you have one that bums very 
slowly, it will move the shot in course of time, but with a sort 
of hang-fire process, which is immaterial with big guns 
and sitting shots, but is vexatious to the marksman wishing to 
hit birds and beasts in motion. If you have a very quick- 
burning powder, it will set the shot moving in the barrel 
in less time and with greater rapidity, but also with greater 
strain upon the breech of the gun ; and yet, as the pressure 
is not maintained to an equal extent throughout the barrel, 
the shot may possibly leave the muzzle with no higher 
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velocity than that imparted by a slower-burning powder, 
that gave less strain at first, but kept up its force for a longer 
time, and so did the saiine amount of work in the end. In 
some cases, however, a heavier charge of the coarse powder 
may be required to give the same velocity as that imparted 
by the small-grain powder ; nevertheless, the small charge 
of the latter will put most strain upon the gun. 

Another example of difference of time in the performance of 
work is to be found in coal, as compared with gunpowder. 
As is pointed out by Messrs. Noble and Abel, in their paper 
in the Philosophical Transactions,^^ there is more energy in 
a pound of coal than in a pound of gunpowder. The coal, in 
fact, will do a greater amount of work than the powder, but 
takes a longer time to do it. Propositions that have been 
made for the employment of gunpowder as a motive agent for 
machinery are therefore futile, though not merely from the 
diiSBculties arising out of its explosive character. An explo- 
sive mixture of coal-gas and air is employed to woi’k gas- 
engines, and for some purposes is economical ; but the cost of 
gunpowder is a hundred times as great as that of coal. 

A large portion of the cost of the powder goes tct provide 
the oxygen requisite for its combustion; whereas, in the 
case of coal in a furnace, or coal-gas in an engine, an 
inexhaustible supply of oxygen is drawn, free of cost, from 
the atmosphere. 


The Strain upon the Gun. 

No systematic experiments have been carried out to deter- 
mine the varying degrees of pressure in different parts of 
the same barrel in sporting guns, but with artillery there 
have been many such experiments ; and those reported to the 
Secretary of State for War in 1870, by a Committee on 
Explosives, of which Colonel Younghusband, II. A., was 
president, afford a very good example of the difference of 
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strain produced by different powders that gave nearly the 
same amount of velocity to projectiles of equal weight. The 
powders used were (1) the E.L.G. (rifle large grain)^ formerly 
in general use for cannon in our service; (2) the service 
Pellet powder, of larger grain; (3) Waltham Pebble powder, 
of still larger grain and higher density ; and (4) Eussian 
prismatic powder. They were all tried in the same gun — an 
Sin. muzzle-loader, with shot weighing 1801b. each ; and the 
barrel was tapped at about twenty places, from breech to 
muzzle, so as to insert crusher-gauges and cutting plugs, for 
the purpose of testing the pressure on the breech and 
different parts of the barrel, and ascertaining, by means 
of the chronoscope, the velocity of the shot at various points 
before it reached the muzzle of the gun. Of course the 
pressures, with such heavy projectiles, are vastly greater than 
with the bullets used in small arms, but the velocities are not 
greater, and the pressures will afford a means of comparison 
between fast and slow-burning powders, which would be very 
similar in effect to those used in sporting weapons, though in 
the latter they are on a much smaller scale. The follo^ving 
will show the variations at equal distances of -^th. of a foot, or 
rather more than an inch apart, the first column representing 
the pressure (in tons per square inch) before the shot moves, 
and the others showing the rise or fall at subsequent points 
up to 1ft. from the starting point. The figures 1 to 4 in the 
first column indicate the four kinds of powder mentioned 
above. 


Pressure in Tons per Square Inch at Points Vo^t. apart. 


Powder. 

Ist 

2 nd 

3rd 

4th 

fith 

6tb 

7th 

8th 

9th 

loth 

11 th 

1 

30 

19 

lt)i 

15-J- 


14 

13 

12i 

12 



2 


13 

164 

174 

16i 

16 

15 

14i 

134 



3 

1 

5 

11 

14 

15 

15i 

16| 

15 

144 

ta 


4 

i 


2 

7 

m 

19i 

17 

154 

144 

13i 



It will be seen that with the smallest-grained powder (the 
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first on the list) the highest pressure occurred before the shot 
moved, and then it diminished continuously. With all the 
others the pressure went on increasing for some inches before 
it attained its highest point ; and the powder which gave its 
maximum pressure farthest from the breech was the one 
which put least strain upon the gun. The muzzle velocities 
imparted by these four powders were — 1st, 1324 feet per 
second; 2nd, 1338 ; 3rd, 1374; and 4th, 1366. The weight 
of powder was not equal with the whole of them ; those which 
gave the lowest initial pressures had the heaviest charge — 
No. 3 having 351b. and No. 4 321b., as against 301b. with 
each of the other two. 

As already stated, the figures in the foregoing table 
represent the different pressures in the space of 1 foot. Prom 
that point the strain gradually diminished throughout the 
barrel in every instance, so that, 6ft. further on. No. 1 gave 
only 1 ton pressure; No. 3 was highest, with 1^ tons; and 
Nos. 2 and 4 nearly equal, at about Ij tons. 

When the projectiles are small, as in sporting rifles, they 
begin to move under pressures that are very light in com- 
parison with those mentioned above, so that space is quickly 
afforded for expansion of the gas ; and the more readily this 
relief comes, the less is the advance made towards the 42-ton 
pressure which would result from an absolute fixture. When 
the shot moves freely, not only is the gas allowed to pass 
into a cooler portion of the barrel, but the expansion likewise 
tends to keep down the heat, and thus limits the force 
indirectly as well as directly. The heavier the projectile, 
the greater will be the resistance to the expansion of the 
quickly-evolved gases, which accordingly will become more 
heated under the pressure and rendered more expansive by 
the heat. Hence the danger of using very fine-grained or 
quick-burning powders with heavy projectiles, and the con- 
sequent necessity of making big blocks of slow-burning 
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powdfer for use with the heavy ordnance of the present 
day. 

How intimately pressure and time are connected will he 
seen by the following figures, which show the amount of time 
occupied by the before-mentioned powders in driving the shot 
the first foot in the barrel — the 12 inches being divided in 
two spaces of 2in. each and two of 4in. each ; and, for the 
sake of further comparison, times are also given at the two 
chronograph plugs that were nearest to the muzzle of the 
gun. 

Distances and Times of Experiment on Page 85. 


Powder. 

2 inches. 

4 inches. 

8 inches. 

12 inches. 

fi feet. 

7ft. 4in. 

1 

‘0005 sec. 

*0008 see. 

•0013 sec. 

•0018 sec. 

•0058 sec. 

*0073 sec. 

o 

•0011 „ 

•0016 „ 

•0022 „ 

•0027 

•0067 

•0083 „ 

3 

•0026 „ 

•0033 „ 

•0040 „ 

•0045 

•0086 „ 

•0101 „ 

4 

*0005 yy 

•0071 „ 

•0080 

•0086 yy 

•0126 

•0141 „ 


No. 1, which showed by far the highest pressure in the 
previous table, also sets the shot in motion much more quickly 
than the others ; but this superiority is very fleeting. At the 
end of only 12 inches there is already a considerable change 
of proportion ; and for the remaining part of the barrel the 
times are nearly equal. By taking the relative times at 6ft. 
and subtracting them from those at 7ft. 4in., it Avill be found 
that the speed given by the four powders is almost identical 
in these 16 inches — the time for this distance being *0015 800 . 
with three of them, and *0016 with the other one. The 
difference in the total times is, on the contrary, very 
remarkable, especially with No. 4, which takes about twice as 
long as No. 1 to drive the shot to the muzzle of the gun ; so 
that, in one sense, it must hang fire to an extraordinary 
extent. Yet these slow-burning powders make up their 
leeway before they quit the barrel. At the latest point 
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indicated (7ft. 4ft), Nos. 3 and 4 are already moving quite as 
fast as Nos. 1 and 2, while No. 3, having left in it the gn^atost 
remaining force, is now imparting more velocity than the rest, 
and will have the highest speed of all at the muzzle. 

Effect of Time in Modifying Force. 

A very interesting example of the influence of time in 
modifying the effect of widely-difFerent degrees of force 
occurred in the course of experiments carried out during the 
Field Trial of Explosives at Wimbledon, in 1878. Besides 
testing samples of black and wood gunpowder with a number 
of guns at the target, Mr. Walsh, who, as Editor of the Field, 
instituted these tj'ials, endeavoured to ascertain the difference 
of strain exercised on guns by the various kinds of powder. 
For this purpose, he devi.sed an apparatus consisting of a 
strong guiibarrel, fitted with a movable breech-plug, which, 
being driven back by the firing of the charge, acted on a lever 
connected with a powerful spring-balance, and registered the 
effect on the scale of the balance. 

This apparatus demonstrated clearly enough that there were 
very wide divergencies in the amount of force exercised by 
the different powders, as compared with one another, but no 
satisfactory formula was forthcoming that would t anslate the 
differences on the scale into pounds of pressure. Among the 
methods tried was one which proved the precursor of the 
Field force-gauge (illustrated in the frontispiece, and 
described in page 36, of the first volume of this work), viz., 
that of dropping weights from a given height, noting the 
effects produced on the movable breech-plug and spring- 
balance, and comparing the results with those obtained by 
firing charges of powder and shot. 

In the course of these experiments it was found that a 71b. 
weight, dropped a distance of 1 foot, and transferring its force 
to the breech-plug, registered on the scale of the balance a 
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very similar effect to that produced by the discharge of 3 drs. 
of No. 6 powder with 1 Joz. of shot. 

Such a result was rather startling, and was received with a 
good deal of incredulity, until constant repetition showed that 
it occurred again and again. An opportunity of making a 
comparison in another way fortunately presented itself, as 
Messrs. John Hall and Son, the well-known powder manufac- 
turers, placed at the Editor’s service a force-gauge they had 
made for their own use. This was constructed on the same 
principle as the crusher-gauges ” employed in artillery 
experiments — copper disks being used, which are compressed 
by the force of the powder ; and, according to the degree of 
compression undergone by the disk, an estimate is formed of 
the amount of pressure exercised. By means of this apparatus 
it had been estimated that 8drs. of coarse-grained powder 
exerted a pressure of about 20001b. per square inch on the 
breech of the 12-bore gun in which it was fired, and that 
with powder of fine grain the strain was nearly doubled. 

The difference between the dropping of a 71b. weight in 
the one case and the record of 20001b. pressure in the other 
seemed so remarkable, that Mr. Walsh determined to try the 
direct effect of the falling weight upon the copper disks, and 
on dropping the 71b. a distance of 1 foot, as before, the disk 
was found to be compressed to about the same extent as by 
firing the charge of 3drs. powder with 1 Joz. shot. Confirma- 
tion was thus given of similarity of pressure on the two 
gauges; but the difference between the actual weight dropped 
and the estimated force imparted seemed to be so irrecon- 
cilable that it was not unnaturally concluded that there 
was something wrong somewhere.” The anomaly, how^ever, 
was more apparent than real, and resulted from time being 
left out of consideration. Allowing for this, the differences 
are not so irreconcilable as they may appear at first sight. 

As in the case of the railway truck recently alluded to 
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(page 83), so with other bodies, motion is imparted by the 
application of a small or a large amount of force for a long 
or a short period of time — the velocity imparted by a given 
force being proportionate to the length of time during which 
the force is applied. On the appliciition of double the iorcc*, 
a given velocity will be acquired in half the time; and any 
greater increase of force would cause a corresponding reduc- 
tion of time — resistance from air and friction being for the 
present disregarded. On the other hand, when a body is in 
motion, as much power would be required to stop it as was 
necessary to impart the momentum j^ossessed. If the force 
applied be the same in both cases, it would take as long to 
stop it as to get up equal speed ; if stopped in a tenth or a 
hundredth part of the time, ten or a hundred times as much 
force would be requisite. 

In the case of the falling weight, we know it would take 
a quarter of a second to fall a foot ; but we do not know 
what time was taken by the apparatus in stopping the* weight 
which had fallen that distance. But, whereas the weight 
dropped 12 inches, the breech-plug only recoiled a fraction of 
an inch. If we knew the exact fraction, we might estimate 
the time of motion and the consequent resisting force, 
although the question is complicated by the spring-resistance 
being an increasing and not a constant pressure. W e may be 
sure, however, that the resistance was considerably greater 
than the mere 71b. dropped, or the weight would not have 
been stopped in less than 12 inches, I’.e., the distance which it 
fell 

Let us see, then, whether we cannot estimate the force that 
must necessarily be applied to produce the velocity which was 
imparted to the shot. 

There was a charge of ‘IJoz. of. shot, which, in the length 
of a 30in. barrel, had acquired a velocity which we may 
take to be equal to about 1200 or 1300 feet per second when 
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it reached the muzzle. Starting from the velocity 0 and 
finishing at, say, 1250, the mean velocity would be 625. And 
with a mean velocity of 625 ft.-sec. throughout 30 inches, 
the time of travel for this 2^ feet would be *004 sec. (The 
pressure is assumed to be equal throughout the barrel, 
because it not only simplifies the calculation, but shows the 
lowest strain in the performance of the work ; for an unequal 
force, although it may give the same mean pressure as a 
constant force, must produce greater strain at some points as 
well as be under the average at others; and we are here 
endeavouring to ascertain what is the least amount of strain 
with which the work could be effected). 

Now, a falling weight (whether it be an ounce bullet or a 
ton) would drop 2^ feet in about *4 sec., or 100 times as long 
as the shot takes to move up the barrel ; the falling weight 
acquires 12| feet velocity, and the shot 1250 feet, in moving 
the same distance. This multiple of 100 happens also to fall 
in very conveniently with other parts of the calculation. To 
give to l^oz. of shot 100 times the velocity attainable in a drop 
lasting *4 sec., would require a pressure equal to 100 times 
the weight of the shot to be kept up for an equal’ period of 
time. Now, 100 times l^oz. amount to 71b. ; and a pressure 
of 71b. continued for *4 sec. would give the 1250 feet muzzle 
velocity, or a mean speed of 625 feet. But in *4 sec., at that 
mean speed, the shot would move 250 feet, and the barrel of 
your gun is only 27, feet long. Therefore, to compensate for this 
difference between 250 and feet, you must lessen the time 
to a corresponding extent, i.c., reduce it to its 100th part, or 
*004 sec. ; and, in order to effect this, the pressure must be 
increased 100 times more, making it equal altogether to 
10,000 times the weight of the shot. Thus we get to a 
pressure of 7001b. as the force requisite to impart 1250 feet 
velocity to l^oz. of shot in a 30in. barrel ; and as the area of 
a 12-bore is only about four-tenths (*417) of a square inch,. 
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the 7001b. applied to that area would bo equal to a pressure 
of more than 1 7001b. on the square inch. 

It may he remarked that in the foregoing observations 
reference is made to an assumed drop of 21 feet, whenas the 
actual fall was only 1 foot. It must be remembered, however, 
that if the barrel had been cut down to a foot in length, 
the pressure on the breech would not have been diminished ; 
although the velocity of the shot Avould neees.sarily be less, 
in consequence of the force hatnng operated for a shorter 
period of time. Supposing the force to be constant, the shot 
that attains 800 feet velocity in a 12in. barrel would have 
1260 feet velocity at 30in. And a corresponding result occurs 
with the falling weight — it acquires 8 feet velocity in 12in., 
and about 121 feet velocity in a 30in, droj) ; but it is a 
constant pressure of 71b. for either distance, though in opera- 
tion in the one case for longer time than in the other, and 
consequently producing higher speed. 

Ihe momentum is alike in both the above-mentioned cases. 

If a 71b. weight is dropped a distance of 1 foot, the constant 
force of gravity imparts 8 feet velocity in second (-25 sec.) 
and 8 times 71b. produce 56 units of momentum, or “force 
pounds^' (to adopt an expression coined by Mr. Walsh when 
writing on this subject). If, on the other hand, l^oz. of 
shot be propelled 1 foot in a gun-barrel under a constant 
pressure of 7001b., it will attain 800 feet velocity in second 
{*0025 sec.) ; and 800 times l^oz. are also equal to 56 units of 
momentum or “force pounds.” But the record on the scale 
of the spring balance did not represent the pounds of pressure 
in either case; it merely demonstrated that the pressure of a 
small weight anting for a comparatively long time produced 
a similar effect to that caused by a much higher pressure acting 
for a much shorter time; and an examination of the scale 

neither showed how high was the pressure nor how short the 
time. 
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The 7001b. pressure required to produce the velocity above 
stated would bo the ftmallest amount of force hy winch the 
worlc could he done — without making any allowance whatever 
for friction^ or for air-resistance in the barrel, both of which 
would add considerably to the work to bo performed ; nor has 
any allowance been made for diminished force in the gas, 
which would give much greater pressure at the breech than it 
would near the muzzle. Taking these matters into considera- 
tion, we may fairly assume that there would bo a large incre- 
ment on the 17001b. pressure, and that the 20001b. indicated 
by the copper disk would, after all, not be anyway over the 
mark. In short, there was, practically speaking, no dis- 
crepancy between the results obtained from the falling weight 
and those shown by the crusher-gauge. 

Supposing the attempt were made to impart velocity to 
very heavy projectiles in the same brief space of time as with 
those of light weight, it will be seen what enormous force 
would be required to effect it. But, with increase of weight 
in shot, it is requisite to make use of slower-burning powder, 
which does not impart speed so rapidly, but keeps up the 
pressure for a longer period of time, and requires a longer 
barrel to enable it to impart the required velocity ; and the 
lower pressure, exerted for a longer time, produces equal speed 
with less strain on the gun. If we apply the foregoing mode 
of computation to the 1801b. shot used in the artillery experi- 
ments already alluded to (page 85), we find that, owing to 
the longer period of time during which the pressure acts 
in a 9ft. gun, a comparatively smaller amount of force is 
required, and that, instead of its necessitating a pressure equal 
to 10,000 times the weight of the projectile, 3600 times would 
suffice. The pressure would thus amount to nearly 290 tons, 
which would be the constant force requisite to impart the 
velocity the })rojectilo attained in the gun ; but the area of 
the base of the shot was about SO square inches, so that the 
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required pressure per square inch would be rather less than 
6 tons. This, it will bo seen, was far below the maximum 
strain given by any of the four powders used in the experi- 
ment; their pressure was variable, and not a constant force, 
and, while the maximum pressure was greatly above 6 tons 
near the breech, the minimum was only about 1 ton near the 
muzzle. We may therefore assume that, if a constant force of 
7001b. (equal to about 17001b. per square inch) were required 
to perform the work done in a 12 -bore gun, the maximum 
pressure near the breech would also be considerably higher 
in the shoulder gun as well as the cannon. But we could not 
ascertain the exact amount of variation in different sporting 
guns, and with different powders, unless recourse vrere had to 
a long series of experiments similar to those carried out with 
artillery on behalf of the Government. 

Increasing Weight of Bullet. 

Every increase in weight of projectile with the same charge 
of powder virtually lengthens the period of time before the 
shot begins to move, and thus enables greater force to be 
developed in the powder gases ; but an increase in weight of 
powder (the projectile remaining as before) does not increase 
the velocity in anything like the same proportion. Thus, a 
12-bore rifle by Holland was shot with spherical ball, with 
charges of 4drs., 5drs., 6drs., and 7drs. of Curtis and Harvey’s 
No. 6 powder, and, the velocities having been ascertained by 
chronograph, the following table will show the per-centage 
of increase in initial velocity as compared with increase of 
powder : 

Charge of Powder. Muzzle Velocity. 

4drs 1230 ft. per second. 

5drs., or increase of 26 per cent. ... 1365 f.-s., or increase of IIJ per coni, 
edrs., or mcrease of 60 per cent. ... 1492 f.-s., or increase 'of 21 per cent. 
7dr8., or increase of 75 per cent. ... 1694 f.-s., or increase of 29 per cent. 

It is not to be expected^ however, that the velocity should 



MOTION BY COMBUSTION OF POWDER. 


96 


increase in direct proportion to tlie increase of powder ; for 
the amount of energy in the ballet is proportionate to the 
square of the velocity, and if the energy imparted to the 
bullet were increased in proportion to the amount of powder, 
the velocity would be only proportionate to the square-root of 
the respective charges. On this principle a formula was 
framed many years ago, by whom is not stated, but it is said 
to have been based on actual experiment, and was thus laid 
down in Cape’s “ Course of Mathematics,” a worl^ written for the 
use of Students at the East India Company’s Military College, 
Addiscombe : — Divide three times the weight of the powder 
by the weight of the shot, both in the same denomination. 
Extract the square root of the quotient. Multiply that root 
by 1600, and the product will be the velocity in feet.” This 
formula gives the initial velocity of spherical balls with 
approximate correctness in many cases ; but it is not strictly 
accurate with increasing charges and the same bullet, as will 
be seen by the following figures, which place in comparison 
the before-mentioned 12-bore velocities as ascertained by 
means of the chronograph, and the corresponding numbers 
calculated from the above formula : 


Powder. 

Chronograph. 

Formula. 

4drs 

12i30 ft. sec 


5drs 

1355 „ 

1324 „ 

fidrs 

1492 „ 

1450 „ 

7dr8 

1584 „ 

1566 


Here it will be observed that the velocities ascertained by 
the chronograph are always higher than those calculated by 
the formula; but the difference with the 4drs. charge is four 
times as great as with that of 7drs., thus showing a greater 
proportionate amount of energy developed in the small charge 
than in the large one. The reason why small charges of 
powder have greater proportionate energy than large ones 
used in the same gun, and with the same bullet, is a matter 
which will come into consideration further on. 
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When the bullet alone is increased in weight, and the 
powder remains stationary, the efEect is tlio reverse of that 
just mentioned. The velocity is decreased, as might be 
anticipated, but not in a proportionate degree with the 
difFerence in weight of lead ; and the heavier the bullet, the 
greater is the amount of energy imparted. The following 
figures will show the difference in velocity and energy of 
bullets of 280grs. and 3G5grs., tired with the same charge 
of powder (4J-drs.) from a *450-bore rifle by Eigby : 


Bullet op 
280 Grs. 

Velocity. 

Energy. 

Br-T.r.KT OF 

Velocity. 

Energy. 

At Mnzzle. . 

1825 ft.-Bce. 

... 2082 

At Muzzle.. 

1700 ft.-sec. . 

. 23r)r. ft.-lb. 

„ 50 yds. 

. 1640 „ 

... 1681 

„ 50 yds. 

.1564 

. 1903 „ 

„ 100 „ 

1470 „ 

... 1350 

„ 100 „ 

1436 „ 

. 1680 „ 

,, 150 

. 1316 

... 1082 „ 

„ 150 ., 

. 1320 „ 

..1420 „ 

„ 200 

. 1186 „ 

... 879 „ 

„ 200 

. 1218 „ . 

.. 1209 „ 

„ 300 „ 

.1011 „ 

... 639 „ 

„ 300 

. 1059 „ 

.. 914 „ 


Thus, the charge of powder being the same, but the weight 
of lead raised from 280 to 3G5 grains (an increase of 30 per 
cent.) the muzzle velocity fell off barely 8 per cent. Yet, 
notwithstanding that the heavy bullet had least velocity, it 
had most energy/^ for, under the influence of the increased 
resistance, the powder had imparted 13 per ctmt. more 
working-power. If the force of the powder were a constant 
quantity, the energy of the two bullets would be alike ; but, 
in order for them to be equal in energy, the muzzle velocity 
of the lighter bullet would have to be 1910 instead of only 
1825 feet per second ; and even then such would only be its 
energy at the muzzle of the rifle. 

After the projectiles have left the barrel, the greater powcT 
resulting from increased weight is more fully dernonsti-ated. 
At 150 yards the above heavy bullet has the superiority even 
in point of speed, while its energy is now about 30 j)er cent, 
higher; and the greater comparative loss of velocity and 
energy by the light bullet becomes more and more marked 
as the distance increases. 
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Some examples of a similar character with Holland rifles of 
larger bore may also be worth quoting. 

Velocity. Enerfry. 

■■ 2364ft..lb.,07 591p.rdr«ii. 

■■ 2«05ft...b.,or521p,ra».. 


Increase of powder, 25 per cent. ; increase of velocity, 5 per 
cent . ; increase of energy, 10 per cent.; but, dram for dram, 
about 12 per cent, less work was done by the heavier charge. 


Velocity. 


^ 


*577-l>()ro, with 502grs. 
bullet aud 6drs 


• 1739 ft.-soc. 


Energy. 

2926 ft. -lb., or 585 per dram. 
3389 ft. -lb., or 565 per dram. 


The powder was increased by 20 per cent. ; but the velocity 
was only increased 8 per cent., and the energy 16 per cent, by 
the larger charge of powder; and, taking dram for dram, 
nearly 4 per cent, less work was done by the larger 
charge. 

On the other hand, the same charge of powder (6drs.) was 
used with •577-bore bullets of three different weights, viz., 
459 (hollow), 502, and648grs. with the following results : 

Velocity. Energy. 

6drs. with 459gr8. (hollow) 1723 ft.-soc. . . . 3038 ft.-lb., or 506 per dram. 
Odrs. with 502gr8. (solid) ... 1739ft.-sec. ... 3389 ft.-lb., or 565 per dram. 
6drs. with 64;8grs. (solid)... 1603ft.-sec. ... 3716 ft.-lb., or 619 per dram. 

The heaviest bullet showed 25 per cent, more energy than 
the lightest bullet, and 10 per cent, more than that of medium 
weight, though the powder was alike with each. 

It appears to bo clear, too, that if additional resistance is 
offered to the powder-gases by the cartridge-cases being very 
greatly turned over when the shells are made of paper, or verj' 
tightly crimped in when they are made of brass, the shot does 
not start so quickly, and a much higher degree of force is 
developed in the powder, with a corresponding strain upon 
the breech. Moreover, in all these matters that produce 

H 
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increased energy on the part of the powder, there is the fact 
to be considered that they also affect the recoil, and are likely 
to produce an amount of muzzle-disturbance that may con- 
siderably affect the accuracy of aim. 

Weights of Powder and Balls. 

It may perhaps be of service to insert here a comparative 
list of drams and ounces, with the corresponding number of 
grains, as it frequently happens that weights of powder and 
shot are given with different nomenclatures, and it is not 
easy under such circumstances to estimate the proportion 
between the one and the other, seeing that neither the dram 
nor the ounce consists of even grains. Occasionally, too, 
people are confused by the difference between the avoirdupois 
and the apothecaries^ dram so it may be as well to say that 
the latter is not used for weighing gunpowder, and is more 
than double the weight of the former. The avoirdupois 
dram, which is the one always used, is the ^^th part of a 
pound, or the ounce ; consequently the dram is a 

small fraction over 27J grains (27*34375). It may be useful, 
too, to foreign readers to say that a gramme ” is equal to 
about 15| grains (15*432) ; and that 1*77185 grammes equal 
a dram. It should be understood, however, that the miscalled 
drams” of Schultze or E.C. powder are not drams at all. 
Like the pound, the dram is a weight, not a measure ; and 
although a measure may be made to hold a dram or a pound 
of one substance, it will not hold an equal weight of all others. 
A 11b. tin made for black gunpowder will only contain about 
half a pound of Schultze or E.C., for these explosives are 
only half as heavy as black powder. Yet many people make 
use of a measure intended for 3drs. of black powder, and 
on filling it with one of the nitro-compounds, say that they 
shoot with 3drs. of Schultze or B.C., whereas in reality they 
are only using about IJdrs. 
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Comparison of bullets may also be facilitated in some 
cases if tbe weight of spherical balls is appended ; and they 
are therefore given in a third column. 


Powder Weights. 

Shot Weights. 

Weight op Spherical Balls. 

Drams. 

Orains. 

Ounces. 

Grains. 

Bore and Diameter. 

Grains. 

Oi 

7 

Of 

55 

4-bore (l*052in.) ... 

... 1750 

Oi 

14 

Of 

109 

6-bore (*919111.) ... 

... 1166 

Of 

20J 

Of 

164 

8-bore 0835in.) ... 

... 875 

1 

m 

Of 

219 

lO-bore (’TTSin.) ... 

... 700 

2 

55 

Of 

273 

11-bore (*751m.) ... 

... 636 

3 

82 

Of 

328 

12-bore (* 729111 .) . . . 

... 583 

4 

109 

Of 

38;^ 

14-bore (*693in.) ... 

... 500 

5 

137 

1 

4374 

16-boro (*662in.) ... 

... 437f 

6 

164 

If 

492 

18-bore (-eSTin.) ... 

... 388 

7 

191 

If 

547 

20-bore ^615iii.) ... 

... 350 

8 

219 

If 

602 

24-bore (*579in.) ... 

... 292 

9 

246 

H 

656 

28-bore (*550m.) ... 

... 250 

10 

273 

If 

766- 

30-bore 0537in.) ... 

... 233 

11 

301 

2 ...... 

875 

32-bore 0526in.) . . . 

... 219 

12 

328 

4 

1750 

36-bore 0506in.) ... 

... 194 

13 

355 

6 

2625 

40-boro (*488in.) ... 

... 175 

14 

383 

8 

3500 

44-bore‘ (*473in,) ... 

... 159 

15 

410 

12 

5250 

48-bore (*459m.) ... 

... 146 

16, or loz. 

4374 

16, or lib.. 

7000 

50-boro (*453m.) ... 

... 140 


By comparing the figures relative to the 4-bore and 
32 -bore, it will be seen that the latter is one half the 
diameter and one-eighth the weight of the former ; the 4-bore 
bullet weighing Jib., and the 32-bore ^Ib. or half an ounce. In 
like manner may be found the weight and diameter of other 
spherical balls, as' the 40-bore will enable us to ascertain 
that the 5-bore would be •976in. diameter and weigh 
1400grs. ; and from the 10-bore we may find that the 
80-bore ball would weigh 87 grains, and be •387in. diameter. 
Of course this pre-supposes that the bullets are of lead 
throughout, and the bore of the gun is accurate, as in some 
cases hardened alloys are used instead of pure lead, and 
in others the bore is not strictly what it is represented 
to be. 
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Work done by the Powder. 

There are several ways in which the amount of work 
obtainable from the consumption of powder may be regarded. 
Some persons are anxious to obtain an exceedingly high 
velocity, regardless of the quantity of powder they may 
consume ; others may look at the comparative amount of work 
obtained from a given charge of powder, and think they get 
a better return by the use of a larger weight of lead with less 
proportion of powder. 

It appears to be beyond question that the more you increase 
the quantity of powder in a gun, with the same projectile, the 
less proportionate return you get for it in the way of work 
done, although you may make some addition to the muzzle 
velocity; and, on the other hand, the more you add to the 
weight of the projectile, the greater the amount of work you 
obtain, although there may be some loss of muzzle velocity. 
A few remarks on this point have already been made ; but 
here will be found grouped together a number of records of 
experiments with rifles where the velocities of the bullets have 
been ascertained by chronograph. The details from which 
these particulars are collected together, have for the most part 
appeared in the Field during the last three or four years ; but 
it has not been thought necessary to recapitulate all the 
circumstances connected with them, nor to give the names 
of the makers of the respective weapons. The purpose herc^ 
is not to draw comparisons between the rifles of different 
makers, or to show that one gave a higher velocity or did a 
greater amount of work than another, but rather to point out 
that the same principles apply to the whole of them, although 
there may be certain differences of detail. In order, however, 
to identify the different weapons, and so make references from 
one to another, a distinctive letter has been applied to each ; 
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and where the same rifle has been used several times in 
succession, with differences in weight of powder or lead, the 
same letters are repeated with a suffix, as Gb/^ &c. 

The first tables, besides giving the length of barrel and 
charge, will show the proportion of powder to lead, the muzzle 
velocity obtained, and the consequent energy,^’ or amount 
of work, produced by each dram of powder. This energy, be 
it observed, is the amount that exists when the projectile quits 
the rifle ; and at the end of 100 or 150 yards the heavy 
bullets will retain a much larger proportion than the light 
ones. 


Velocity and Energy of Express Rifles. 



Barrel. 

Charge 

of 

Powder. 

• Weight 
of 

Bullet. 

Proportion 

Muzzle 

1 Energy. 

s 

to i Velocity. 

1. 

1 Total. 

perdrm. 

A 

*400 Bore. 
26in. 

3drs. 

209gTS. 

1 to 2-55 

■ft. per sec. 
1874 

ft-ib. 

1628 

ft.-lb. 

543 

B 

*450 Bore. 
26in. 

S^drs. 

274grs. 

1 to 1-82 

2000 

2431 

442 

C 

28in. 

4drs. 

275grs. 

1 to 2*50 

1901 

2218 

554 

Da 

26in. 

4:Jdrs. 

280gT8. 

1 to 2-41 

1825 

2082 

490 

Db 

same. 

same. 

365 „ 

1 to 3-14 

1695 S 

2340 

550 

E 

26in. 

4dr8. 

322gis. 

1 to 2*93 

1776 

2254 

564 

P 

33^ 

3^drs. 

480gr8. 

1 to 5*64 

1315 

1841 

595 

Ga 

. ’500 Bore. 
2Cin. 

4drB. 

381jgrs. 

1 to 3-49 

1666 

2364 

591 

Gb 

same. 

5 „ 

same. 

1 to 2-85 

1750 

2605 

521 

Gc 

same. 

„ 

•339 „ 

1 to 2-92 

1699 

2184 

514 

H 

28in. 

5drs. 

342grs. 

1 to 2-40 

1946 

2872 

574 

I 

28in. 

5drB. 

444grs. 

1 to 3-22 

1784 

3154 

631 

Ja 

•577 Bore. 
26in. 

5drs. 

502gr8. 

1 to 3-67 

; 1616 

2926 

585 

J B 

same. 

6 „ 

same. 

1 to 3 06 

[ 1739 

3389 

565 

Jc 

same. 

same. 

*4584 „ 

1 to 2-80 

1723 

3038 

506 

Jd 

same. 

same. 


1 to 1*14 

! tl900 

2315 

386 

K 

26m. 

6dr8. 

591 grs. 

1 to 3-60 

1663 

3648 

608 

L 

28in. 

Gdrs. 

648gr8. 

1 to 3*95 

1603 

3716 

619 

M 

28in. 

7dr8. 

710gr8. 

1 to 3*72 

1730 

4743 j 

678 


* Hollow bullets. f Spherical. t Estimated velocity. 


It will be observed, from the above figures relative to 
Express rifles, that where the same charge of powder is 
used, but the weight of the bullet is increased, there is 
nearly always a greater development of energy, whether the 
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same rifle is used or one of different bore. For facility of 
reference, let us group together those where the charges of 
powder are equal but the bullets vary in weight, and then 
compare the energy given by them respectively. 


4 Dbams. 

(0) 275 grs 

(E) 322 grs 

(Ga) 38Ugrs 

.. 2218 
.. 2254 
.. 2364 

4i Drams. 

(D a) 280grs 

(G c) *339gr8 

(D b) 365grs 

Ft.-lb. 

, 2082 
, 2184 
2340 

5 Dbams. 

Ft.-lb. 

6 Dbams. 

Ft.-lb. 

(Gb) 381Jgrs 

2605 

(J c) #458Jgrs 

3038 

(H) 342 grs 

2872 

(J b) 502 grs 

3389 

(I) 444 grs 

. 3154 

(K) 591 grs 

. 3648 

(J A) 502 grs 

.. 2926 

(L) 648 grs 

3716 


Except in one instance, the number of foot-pounds of work 
increases with the increased weight of the bullet. The 
exception occurs with the 502gr. bullet used with 5drs. of 
powder (Ja), which gives a lower result than the 444gr. (I) 
with the same quantity of powder ; but the latter was a rather 
heavy bullet of '500 bore, and the former a rather light bullet 
of ’577, and the smaller-bored rifle was 2in. longer than the 
other. 

There are but two instances in which hollow bullets were 
used, and these are marked with an asterisk (*). In that 
fired with 6drs. of powder (J c) a much lower result is shown 
than was obtained with the solid bullet (Jb) shot with the 
same rifle. In the other instance, the hollow bullet (Gc) was 
of ’500 bore and heavier than the ’450 solid bullet used with 
the same charge of powder. Here the higher weight gave 
the best result, as usual ; nevertheless, that result was inferior 
to what was obtained with a solid bullet (E) which had a 
similar proportion of powder to lead, although the charge was 
but 4drs. It is to be regretted that there is not more avail- 
able evidence about hollow bullets. We must be cautious 
not to draw too strong conclusions from so small a number of 



MOTION BY COMBUSTION OF POWDER. 


103 


examples ; but, as far as these go, it would appe«i,r not only 
that hollow bullets show a less amount of energy than solid 
bullets of equal size and consequently greater weight, but 
that they also give lower results than solid bullets of the same 
weight. And such seems to be only what we ought to expect ; 
because hollow bullets must be longer than solid bullets of 
equal weight, and therefore would take greater hold on the 
rifling; and the increased amount of friction of the elongated 
hollow projectile would be likely to lessen its muzzle velocity, 
as compared with that of the shorter solid bullet. Nevertheless, 
we must not assume that the case is proved, for the velocities 
of the solid and the hollow bullets were taken on different 
days, and there may have been sufficient change in atmospheric 
conditions to account for the result if all the facts were 
known. 


Velocity and Energy op Large-Bores. 



Barrel. 

1 Charge 

1 of 

1 Powder. 

Weight 

Proportion 
of Powtier 
to Lead. 

Muzzle 

• Energj'. 


Bullet. 

Velocity. 

1 Total. 

perdmi. 

Na 

12 Bore. 
2Gin. 

4drs. 

599igrs. 

1 to 512 

ft. per sec. 

1 1230 

' ft.-lb. 
2024 

! 506 

Nb 

same 


same 

1 to 4 09 

1355 

2456 

i 491 

Nc 

same 

6 „ 

same 

1 to 3-41 

1492 

2978 

* 496 

Nd 

same 

V ,, 

1 same 

1 to 2*90 

1584 

3356 

479 

0 

10 Bore. 
26m. 

8drs. 

689Jgrs. 

1 to 315 

1557 

3700 ! 

463 

P 

*28in. 

same ^ 

same 

same. 

1567 

1 3778 1 

, 472 

Q 

#25i*in. 

5drs. 

698grs. 

1 to 611 

1316 

I 2681 

536 

Ba 

8 Bore. 
24in. 

9dre. 

875grs. 

1 to 3*56 

1479 

4272 

475 

Bb 

same 

10 „ 

same 

1 to 3*20 

1541 

4638 

464 

B c 

same 

§10^s. 

same 

same. 

1346 

3539 

354 

S A 

26in. 

lOdrs. 

862grs. 

1 to 315 

1654 

5232 

523 

S B 

same 

same 

i tl257 „ 

1 to 4-59 

1500 

6273 

627 

T 

4 Bore. 
24in. 

14dr8. 

1257igr8. 

1 to 3-28 

1581 

7016 

501 

Ua 

25^in. 

J12drs. 

1250grs. 

1 to 3-81 

1460 

5912 

493 

U B 

same 

same 

tl882 „ 

1 to 5-73 

1330 

7387 

616 


* Smooth bores, f Conical bullets. J No. 7 grain powder. § No. 8 grain. 


Spherical balls do not afford the same opportunities for 
comparison as elongated projectiles, because bullets of the 
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same bore must be pretty nearly of the same weight, as the 
differences would mainly arise from the specific gravity of 
the metal, which in some cases may be of lead and in others 
consist of an alloy of lead with tin or some other metal. In 
two cases, however, in the foregoing table, viz., in the 4-bores 
and 8-bores, are instances of the same rifle being shot with 
conical as well as spherical bullets. The difference in energy 
of the two kinds of bullets, with equal charges of powder, is 
remarkable. 

Comparing the figures, we find that where (as with rifles 
N and E), different charges of powder are used with bullets 
of the same size, the highest charges give comparatively the 
lowest results. There is a slight divergency between Nb and 
Nc, but it is so small as to be unimportant. Where the 
same charge of powder is used for spherical balls of different 
size (as Nb and Q), the heaviest shows the greatest energy. 
Sa gives a higher result than Eb, although the bullet is a 
trifle lighter ; but rifle S is two inches longer than rifle E, and 
so is enabled to do more work with the same charge of 
powder. It does not necessarily follow that the powder is 
unburnt in the short barrel. All may be consumed ; but the 
nearer it is burnt to the muzzle, the less amount of work is 
got out of it. We therefore usually find that the small-grain 
powders, which are burnt almost before the projectile is set 
in motion, produce the greatest amount of energy, although 
this advantage may be counterbalanced by serious disad- 
vantages, not the least of which is the great strain put upon 
the barrel. On the other hand, instances do occur in which 
the powder is not all burnt ; and such was possibly the case 
with Ec. The same quantity of powder (lOdrs.) was used 
as with Eb ; but the latter was C. & H. No. 6, and the former 
C. & H. No. 8. The barrel was only 24in. long, and the 
coarse-grained No. 8 gave but 364ft.-lb. per dram, as against 
464 ft. -lb. with No. 6. In the 4-bores there is a somewhat 
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similar instance, but less in degree. U a, with longer barrel 
than T, and smaller charge of powder, should give a greater 
amount of energy per dram ; but T used No. 6 grain powder, 
whereas that of U a was No. 7. The strain was less with the 
latter, no doubt ; but, being a slower-burning powder, it did 
a less amount of work, even if it were all burnt. In all 
cases, except those just mentioned, it is believed that the 
powder used was No. 6. 

Attention has already been called to the remarkable 
development of energy with the conical bullets Sb and 
Ub, as compared with the spherical balls Sa and Ua ; 
but it may be remarked, as another illustration of what has 
been said before, that with neither conical nor spherical bullet 
did rifle U give so high a result per dram as S. Looking at 
the charges and the bores, the reverse might be expected; 
but U was shot with No. 7 and S with No. 6. 

One other matter may perhaps be worth mention, and that 
is with respect to the difference of result, small though it be, 
between O and P. These, it will be seen, were shot with 
exactly the same charge and bullet, but the former was a rifle 
and the latter a smooth-bore. The smooth-bore gave a few 
feet higher velocity ; but it must not necessarily be assumed 
that this was due solely to the difference of friction in the two 
barrels. The smooth-bore was two inches longer than the 
rifle, and thus would have an advantage ; and it is possible 
that, if they had been of equal length, the greater initial 
resistance in the rifled barrel would develop in the powder an 
additional amount of force that might more than compensate 
for the loss by friction. At all events, the subject is one on 
which it would be interesting to have additional evidence. 

Effect of Length of Barrel on the Work done by Powder. 

Several brief allusions have already been made to the 
difference of length of barrel and its influence on the amount 
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of work dono by thG powder. The information afforded by 
the experiments summarized in the preceding tables may also 
be turned to account in illustration of the effect produced by 
barrels of different length in varying the amount of work 
done by equal charges of powder in guns of the same calibre. 
In Messrs. Noble and AbePs papers in the ^^Philosophical 
Transactions/^ the subject is elaborately gone into as regards 
artillery ; and by utilizing the results of their labours, and 
adapting great things to small, we possibly may extract 
from the before-mentioned experiments with sporting rifles 
something serviceable as well as interesting. 

It would occupy too much space here to give the full details 
leading up to Messrs. Noble and AbePs conclusions ; but it 
may be stated briefly that they are based on the fact that, if 
the powder be turned into gas before the projectile has moved 
from its position, the gas will expand a certain number of 
times before the shot leaves the muzzle — the number of 
volumes of expansion depending upon the proportion of 
space occupied by the powder-charge as compared with the 
total amount of space in the barrel. They have accordingly 
prepared a table which sets forth the number of foot-tons of 
work which each pound of powder is capable of producing 
according to the volumes of expansion that occur in the gun. 
Of course it is necessary to know the diameter and length of 
the bore, in order to ascertain the amount of space contained 
therein ; and it is also necessary to know the amount of that 
space which is occupied by the powder. 

Pounds of powder and foot-tons of energy are far too 
grand in scale to serve as units for purposes of calculation in 
what concerns sporting rifles. Accordingly, it has been found 
necessary to turn them into drams of powder and foot-pounds 
of energy. With this amount of alteration, the following 
short table will afford some notion of the longer table 
contained in the Philosophical Transactions,^^ except that it 



MOTION BY COMBUSTION OF POWDER, 107 

omiJ)s the fractional parts of volumes of expansion and the 
density of products of combustion. 


Number of Volumes 
of Expansion. 

Total work 

that one dram of ^n> 
powder is eupable 
of performing. 

il 

11 Number of Volumes 

I of Expansion. 

1 

II 

Total work 

1 that one dram of gun- 
' powder is capable 
of performing. 

1 



16 

1174 foot-pounds. 

2 

492 foot-TK)uiids. 

17 

1J92 


3 

607 

»» 

18 

1209 


4 

718 

»> 

19 

1225 


5 

800 


20 

1239 


6 

863 

>» 

21 

1253 


7 

915 

9t 

22 

1267 


8 

959 

ff 

23 s 

1280 


9 

997 


24 1 

1292 


10 

1030 


25 { 

1303 


11 

1060 

»> 

26 i 

1315 


12 

1087 


27 

1326 

99 

13 

1112 


28 

1336 

99 

14 

1134 

ff 

29 

1345 

99 

15 

1155 

ff 

30 ; 

1354 

99 


This table of the calculated maximum amount of work 
which gunpowder is capable of performing, is based on 
experimental results obtained during the investigations 
previously alluded to. The powder-pressure corresponding 
to a gravimetric density of unity is taken at 6554 atmospheres, 
equal to 43 tons per square inch, which is the corrected result 
for perfectly dry powder of Waltham Abbey manufacture, the* 
explosive force thus being higher than when it contains moisture. 
This powder differs very little in composition from ordinary 
sporting (black) gunpowders; and the same table might be 
applied to mining or other powders, if taken in connection 
with a suitable factor of effect applicable to the special 
powder. If the powder is of less gravimetric density than 
unity — i.e., if a measure of the powder weighs less than the 
same measure of water — strict accuracy would require an 
allowance to be made corresponding to the difference of 
density. Some sporting powders (especially when pressed 
down in a loaded cartridge) are of rather higher density 
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than 1, but others are somewhat below; and it is scarcely 
necessary to complicate matters here by attempting to dis- 
tinguish between them. 

fit will be observed, in the first line of the table, that no 
figures occur opposite to 1 volume of expansion ; the reason 
being that nothing has been done. ^Vben the powder is 
shut up and fired, and the gas occupies only the same amount 
of space as the unfired powder, no work has been effected ; 
when the force of the gas enlarges the space occupied, work 
has been done, but the amount would vary according to the 
resistance that has been overcome. The maximum amount 
of work which could be done by one dram of powder, in 
doubling the space occupied, would he 492 ft.-Jb. ; the 
maximum in three expansions would be 607 ft. -lb., and so on. 
Every additional expansion increases the amount of work 
•done, but the rate of increase diminishes continuously, as the 
tension of the gas decreases.. Thus, if one gunbarrel is of 
such a length that 3drs. of powder occupy -j^th of the bore, 
and another is of such length that 3drs. occupy only -yVth of 
the bore, the latter would have 12 expansions to 10 of the 
former. The total capacity for work in the one case would 
therefore be 3 (drs.) multiplied by 1030 ft.-lb., and in the 
other it would be 3 multiplied by 1087 ft.-lb. ; consequently 
the same charge of powder would, in the one barrel, be able 
to do 151 ft.-lb. more work than it could do in the other. 

Again, supposing that the barrel which allowed 12 volumes 
of expansion with 3drs. had its charge of powder increased to 
4drs., there would be only room for 9 volumes of expansion ; 
and its total capacity for work would be 4 times 997 ft -lb 
instead of 3 times 1087 ft.-lb. Thus, the powder-charge 
would be increased 33 per cent., while the maximum amount 
of work it could perform would be raised only 22 per cent. 
But the theoretical maximum never is attained, as will be 
£hown farther on. 
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In order to work out any sucli estimations, it is necessary, of 
coarse, that the capacity of the barrel should be known, and 
likewise the space that the charge of powder would occupy 
therein. The areas of the principal Express and large-bore 
sporting rifles are as follows : 


Expbess Rifles. 

*400-bore ‘126 sq. inch. 

•450 „ -159 

•500 „ -196 

•577 „ -261 „ 


Laboe Bobes. 

12-bore ^417 sq. inch. 

10 „ -472 „ 

8 -548 „ 

4 „ •SBO „ 


If, then, we have a gun of either of these bores, and a 
given number of inches in length, we find its cubic capacity 
by taking the fraction of a square inch which represents the 
area of the bore, and multiplying it by the number of inches 
in length of the barrel. To ascertain the number of volumes 
of expansion, we must know the amount of space occupied by 
the powder. A dram of powder of the gravimetric density of 
unity would occupy *108 cubic inch of space; and if this be 
multiplied by the number of drams in the charge, and the 
product used as divisor of the cubic capacity of the bairel, 
the quotient will be the number of expansions in the barrel. 

The following tables will show the result as applied to 
the rifles already alluded to ; the number of volumes of 
expansion of each rifle with the different charges being given, 
together with the calculated maximum energy or working- 
power. The energy is shown in two ways, viz., the amount per 
dram, and the total amount of the whole charge : the one 
will demonstrate the relative decrease of force per dram when 
increasing charges are fired from the same barrel, and the 
other will furnish means of comparison between the theoretical 
maximum calculated and the total effect obtained. The latter 
has already been given in the previous tables (pp. 101 and 104) ; 
but in order to afford a clearer perception of the difference of 
result, the percentage realised is stated in the last column of 
the present tables. As previously intimated, the theoretical 
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maximum never is reached in practice, and the percentage 
that is obtained varies considerably, according circum- 
stances. In heavy ordnance, with very weighty projectiles, 
90 per cent, or more may be realised ; but with small artillery 
the percentage drops to 50 per cent, or less. A somewhat 
similar result is found to occur with sporting rifles, rho 
larger the bore the higher are the results usually obtained 
when the weight of powder and projectile increase propor- 
tionately with the bore ; and a larger percentage of the 
theoretical maximum from the same charge of powder results 
from an increased weight of bullet in the same barrel ; while 
the substitution of a spherical ball for an elongated bullet 
produces a considerable reduction per cent. 

Work Done by Express Eifles. 






Volumep of 
ExpanBion 
of Gan. 

Energy of Powder burnt. 

s 

Barrel. 

Charge of 
Powder. 

Weight of 
Bullet. 

Calculated Maximum. 

Percentage 

realised. 




Whf»le Dram. 

Charge. 

A 

‘400 Bore. 

26iii. 

Sdrs. 

209grs. 

10*06 

Ft.-lb. 

3092 

Ft.-)b. ! 
1031 i 

[ 

52*6 

B 

*450 Bore. 
26in. 

5^^b. 

274grs. 

6*96 

5008 

911 1 

48-5 

C 

28in. 

4drs. 

275gr8. 

10*31 

4159 

1040 1 

53*3 

Da 

26in. 

4idrs. 

280grs. 

9*01 

4237 

997 

49*1 

D B 

same 

same 

365 „ 

same 

same 

same 

55*2 

E 

26in. 

4dr8. 

322grs. 

9*57 

4061 

1015 

55*5 

F 

33^in. 

S^drs. 

480grB. 

1571 

3637 

1170 

50*6 

Ga 

*500 Bore. 
26in. 

4drs. 

SSligrs. 

11*82 

4338 

1085 

54*5 

Gb 

same 

5 » 

same 

9*45 

5063 

1013 

51*5 

Go 

same 

„ 

#339gr8. 

11*12 

4521 

1064 

48*3 

H 

28in. 1 

5drB. i 

342grs. 

10*18 

5328 

1066 

53*9 

I 

28in. 

5drB. 

444grB. 

10*18 

5328 

1066 

59*1 

Ja 

*577 Bore. 
26m. 

Sdrs. 

502grB. 

12*59 

1 

5515 

1103 

53*1 

Jb 

same 

0 „ 

same 

10*49 

6270 

1045 

54*0 

Jc 

same 

same 

*458igrr8. 

same 

same 

same 

48*4 

J D 

same 

same 

t287t „ 

same 

same 

same 

36*9 

K 

26in. 

6dr8. 

591gr8. 

10*49 

6270 

1045 

58*2 

L 

28in. 

Odra. 

648grs. 

11*30 

6409 

1068 

58*0 

It 

28in. 

7drB. 

710gr8. 

9*68 

7142 

1020 

66*4 


* Hollow bullets. *1* Spherical. 
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Work Done by Large-Bores. 






Volumes of 
Expansion 
of Gas. 

Energy of Powder burnt. 

Bifle 

, Barrel. 

Charge of 
Powder. 

Weight of 
Bullet. 

Calculated Maximum. 

Percentage 

realised. 




Whole 

Charge. 

Each Dram. 

N A 

12 Bore. 
26in. 

4drs. 

.509|gr8. 

i 

! 2512 

Ft.-lb. 

5226 

Ft.-lb. 

1307 

38*7 

Nb 

same 


same 

20*10 

6204 

1241 

39*6 

N c 

same 

6 „ 

same 

lG-75 

7124 

1187 

41*8 

N D 

same 

7 „ 

same 

14*35 

7889 

1127 

42*0 

O 

10 Bore. 

2 Gin. 

8drs. 

G89jgra. 

14*20 

9084 

1136 

40*73 

P 

J28in. 

J25^m. 

same 

same 

15*29 

9282 

1160 

40*70 

Q 

5drs. 

698grs. 

22*50 

6112 

1222 

43*9 

Ba 

8 Bore. 
24in. 

Odrs. 

87r)grs. 

13*52 

10.032 

1115 

42*6 

B B 

same 

10 „ 

same 

12*17 

10,912 

1091 

42*5 

B c 

same 

§10 „ 
lOdrs. 

same 

.same 

same. 

same 

32*4 

Sa 

26in. 

862grs. 

13*18 

11,157 

1156 

46*9 

S B 

same 

same 

111257 „ 

same 

same 

same 

56*2 

T 

4 Bores. 
24in. 

14drs. 

1257.igr8. 

13*80 

15,812 

1128 

44*4 

Ua 

25iin. 

T12drs. 

1250grs. 

16*85 

14,261 

1118 ; 

41*5 

Ub 

same 

same 

I 

111882 „ 

same 

same 

same | 

51*8 


t Smooth-bores. || Conical bullets. ^ No. 7 grain powder. § No. 8 grain. 


We here find an indication of some probable causes of 
various results to which brief allusion has already been made 
in commenting on the previous tables. IVhere (as with Ja 
and Jb, Na, b, c, and d, Ra, b, and c) the same rifle and 
bullet are used, with different charges of powder, the 
percentage of the theoretical maximum realised generally 
varies but little. The previous tables have shown that there 
is a falling off of effect as compared with the quantity of 
powder used ; but the present figures show that the 
diminished result is a natural consequence of the altered 
condition of things, as the larger charge of powder has less 
opportunity of developing its energy. In the majority of 
cases, indeed, the larger charges of powder give a higher 
percentage than might be anticipated, except for the con- 
sideration that, with an increase of 20 per cent, of powder, 
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there would not necessarily be a corresponding increase in 
frictional resistance to the bullet, or in absorption of heat by 
the barrel ; and as a smaller proportion of the energy of th(^ 
large charge would probably be lost in this way^ the slight 
increase in percentage of efFect may thus perhaps be accounted 
for. An exceptional result is found, however, with Ga and 
Gb, as here the smaller cliarge gives the higher percentage* ; 
but, although the same rifle was used, with bullets of equal 
weight, the velocities with the diiferent charges of powd(»r 
were not obtained on the same day ; and there may have been 
such a change in the condition of the atmosphere as, if 
recorded, would account for the apparent irregularity of 
result. This seems to be the more likely, as other chrono- 
grapliic results taken on the second day also came out lower 
than had been anticipated. 

Where (as with 0 and P) barrels of different length are 
used with similar charges, the percentages are generally about 
the same. In these cases 0 was a rifle and P a smooth-bore, 
fired with the same cartridges, and the smooth-bore gave 
a little higher velocity ; but it had the longer barrel, and the 
percentage of the theoretical maximum, after allowing for the 
increased length, was almost exactly the same. In the case* of 
the 4-bores, however, this does not hold good, for there the 
shorter barrel (T) gave a higher percentage than Ua; but 
this result is doubtless due to the latter being used with 
powder of No. 7 grain. A still larger falling off is shown 
with Ec, where No. 8 grain was used with the same barrel 
and ball as Eb. Similar results have been found in the ease 
of artillery : a higher percentage of effect is always given witli 
the finer-grained powder, when used in the same gun and 
with the same projectile ; but the disadvantage lies in the 
great additional strain on the gun that results from the more 
rapid explosion of the charge. 

The means of comparison in the foregoing tables are not so 
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numerous as could be wished^ and the results^ as here 
seen, are not always concordant ; but, looking at the fact that 
the rifles were tried at different times, under atmospheric 
conditions which probably varied, but of which variations we 
have no record, and therefore cannot allow for, the results 
agree together quite as much as could be expected. We find, 
for example, that where the volumes of expansion run near 
together, the percentage realised follows pretty regularly the 
increased proportion of lead to powder. Here, for instance, 
are such of the Express rifles as afford means of comparison : 


Bifle. 

VolumoB of 

Proportion of 

Percentage of 

Expansion. 

Powder to Lead. 

Energy realised. 

Gb *500 bore 

.... 9*45 ... 

1 to 2*85 ... 

.51-5 

E *450 „ 

.... 9-57 ... 

1 to 2*93 ... 

5.5-5 

M *577 „ 

... 9-68 ... 

1 to 3*72 ... 

66*4 

H *500 „ 

... 10T8 ... 

1 to 2*40 ... 

53*9 

I *500 „ 

... 1018 ... 

1 to 3*22 ... 

59*1 

Jc -577 

... 10*49 ... 

1 to 2*80 (hollow) 48*4 

J B same 

. . . same 

1 to 3-06 .. 

54*0 

K *577 „ 

... 10*49 ... 

1 to 3*60 .. 

58*2 

Gc *600 „ 

... 11*12 .... 

1 to 2*92 .. 

48-3 

Ga same 

... 11*82 .... 

1 to 3*49 .. 

54*5 

L *577 

... 11-30 ... 

1 to 3*95 .. 

58*0 

The large-bores. 

when used 

with spherical 

ball, always 

give lower percentages than the Express rifles, but when 
elongated projectiles are fired from the same rifles, w’ith the 

same charge of powder, there 

is a great increase in the 

percentage, as will be seen with the conical bullets Sb and 

U B in the following table : 



Bine. 

Volumes of 

Proportion of 

Percentage of 

Expansion. 

Powder to Lead. 

Energy realised. 

B»a 8-bore 

.. 13*52 

.... 1 to 3*56 .... 

42*6 

Sa 8-boro 

.. 13*18 

.... 1 to 3-15 .... 

46*9 

S B same 

. . same 

.... 1 to 4-59 .... 

56*2 

T 4-bore 

.. 13*80 

.... 1 to 3*28 .... 


P 10-bore 

.. 15*29 

.... 1 to 3*15 .... 

40*7 

N c 12-bore 

.. 10*75 

.... 1 to 3*41 .... 

41*8 

U A 4-boro 

.. 10*85 

1 to 3*81 . . . . 

41*5 

IT B same 

.. same 

1 to 5-73 .... 

51*8 


It must be recollected, with respect to these percentages, 
that the theoretical maximum is based on the assumption that 

I 
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the powder is perfectly dry ; and it is well known that the 
amount of moisture in the powder considerably affects its 
explosive force. Then there is loss of heat, by conduction of 
the metal in the barrel ; and the smaller the bore the larger 
the proportion of heat lost, and consequently the siiiallor 
expansion of gas and least working power. Hence we see 
big guns and hundredvreights of powder giving a much nearer 
approach to the theoretical maximum than small-bores and 
drams. But loss of heat alone is doubtless not responsible for 
the whole reduction in percentage ; there is friction to be 
overcome, and the resistance of the air in the barrel. These 
would both operate in small bores to a greater degree than in 
large-bore guns. 

Effect of Resistance on Velocity ani> Strain. 

An endeavour has been made in previous pages to show 
that the energy of the powder increases with the amount 
of resistance offered by the bullet, and that by using 
heavier bullets with the same charge of powder a greater 
percentage of energy is realised, although there may be 
lower velocity with the heavier projectile. 

Resistance of another character, such as arises from 
tightly turning over cartridge cases, and firmly fixing 
bullets in brass shells, is calculated to elicit a greater 
amount of force from the powder. So, too, the resistance 
resulting from the necessity of forcing the metal of the bullet 
into the grooves of the rifle, produces a further increase of 
force in the powder, as the initial movement of the projectile 
is retarded, and the powder has less space for the develop- 
ment of its gases ; and the strain upon the breech, arising 
from this retardation, will depend upon the nature of the 
rifling, which is much deeper cut and sharper in twist in 
some than in others. What would be the relation between 
the extra force of propulsion developed in this way, and 



OBSTRUCTIONS TO MOVEMENT OF SHOT 


116 


the effect of extra friction in lessening the velocity of the 
projectile, is difficult to say ; but the main point in view here 
is to demonstrate that such development of force does arise 
from increased resistance ; and two instances of burst guns 
that have come under my notice appear to be satisfactory 
illustrations of the fact. 

One, a 12-bore, was loaded with a very small charge of 
Schultze (a fine-grained sample made before the company 
adopted its present mode of granulation) ; few wads were 
used, and the charge consequently did not nearly fill the 
paper case. The surplus paper was rolled up for nearly half 
an inch, being turned over and over by the machine till 
it formed a perfectly compact beading inside the mouth of 
the case ; and yet the powder was in no way compressed, 
but, on the contrary, was rather loose within. A considerable 
amount of force would be requisite to drive the shot and 
wads through an obstruction such as here occurred ; and, 
with a quick-burning powder like this, the whole would 
be consumed, and the gases in a high state of tension, in 
much less time than would be required to unroll the con- 
volutions in the paper. Insufficient time being given for 
the shot to get into motion, it became a question of vrhat 
was to give way first; and the question was answered by a 
piece of metal being driven out of the side of the barrel. 

The other burst gun was a 16-bore, loaded with a larger 
charge of granulated Schultze powder, which, under 
ordinary circumstances, would scarcely be so rapid in 
combustion as the dust-like sample before mentioned. The 
charge was in a brass Perfect case, tightly crimped in ; 
and the owner of the gun, after the accident, had an 
experiment made to ascertain the amount of force required 
to drive the shot and wads through the crimping. He 
had the base of the shell drilled out, the powder removed, 
and weights put on ; and nearly a hundredweight had to 

1 2 
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be applied (1091b. if I remember rightly) before the charge 
of shot began to move. Here, then, the resistance would be 
about 1800 times as great as the mere weight of the shot, 
and (after what has been said at page 76 et seq.) it is not 
surprising that before time had elapsed to admit of motion 
in the shot, and thus permit of expansion in the powder- 
gases, the tension had become so high as to burst a not 
over-strong barrel. 

As is usually the case, the results of experiments carried 
out with small arms are but confirmatory of what has 
been ascertained with respect to big guns ; and the experi- 
ment just mentioned runs on very nearly the same lines as 
one alluded to by Professor Bashforth at page 16 of his 

Treatise on the Motion of Projectiles.^^ After stating 
that, ^^when quick-burning powder was used for large guns 
it was most important to consider the initial motion of the 
shot, so as to provide for an early increase of space for 
the gas to occupy,^^ he comments on the law laid down 
by Professor Helie as to the rifling of guns with an increasing 
twist, and then proceeds as follows (the italics being his own) : 

‘‘ It is undoubtedly right in principle to free the initial motion of 
the shot, as far as possible, from all needless obstructions. The 
increasing twist has, as we have seen, been tried in deference to 
this principle, only it is at present doubtful whether the advan- 
tages secured by its adoption counterbalance the practical dis- 
advantages of its employment. But the Armstrong system of 
breechloading ignored all considerations of this kind, for a 
‘grip* in the bore was idaced just in front of the seat of the 
shot, while the shot was covered with a thin coating of lead to 
take the rifling. An experiment was made at Woolwich in 1865 
to determine the statical pressure -required to force a 121b. 
shot along the bore of an Armstrong breechloading gun. 
(Quarterly Proceedings of the Ordnance Select Committee, 1865, 
p. 23.) It was found that a pressure of from 16;| to 20 tons 
was necessary to force a cold 121b. shot through the ‘ grip * in 
front of the shot chamber, and a pressure of from 3 to 5 J tons 
to force it along the bore. It is plain that the shot could 
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not move forward before a tension of tbe exploding powder 
was sufficient to exert a pressure of 16 tons on the base of 
a 3-inch shot, and even after that the shot would move slowlj. 
This would cause so great a loss of time, that probably the 
whole of the powder would be exploded before the shot had 
moved sensibly from its seat, and consequently the gas would 
exert Us greatest possible destructive force upon the gun.” 

Since 1865 considerable changes have been made both 
in the powder and the construction of big guns ; but this 
principle applies to sporting rifles as well as artillery, and 
the increase of force with the latter is only on a larger 
scale than it is with small arms — the pressure being about 
3000 times the weight of the projectile in the case mentioned 
in the above extract, and about 1800 times in that of the 
16-bore which came under my notice. 

Another artillery experiment shows that the retardation 
of initial movement in the projectile has the effect of 
increasing the velocity of the projectile as well as being 
likely to exercise a destructive force upon the gun ; and 
in this respect it is confirmatory of the results shown by 
the experiments with Express rifles, viz., that the greater 
resistance of the heavier bullet induces greater energy in 
the powder; and it also proves that increased resistance, 
where the projectile is not heavier, likewise induces greater 
energy, which, under these circumstances, takes the form of 
enhanced velocity. In Messrs. Noble and Abel’s second 
paper in the Philosophical Transactions” (1880, pp. 242-3), 
it is stated that it had been found that with certain breech- 
loading guns a superior effect was attained by substituting 
copper rings for load coating on the iron shot, and it had 
been assumed that the cause of this superiority was due to 
the less friction of the copper rings in the passage of the 
shot up the bore. Experiments were carried out to ascertain 
the facts; shots were fired coated with the ordinary service 
quantity of lead, and the results compared with those of others 



118 THE MODERN SPOBTSMAN^S GUN AND RIFLE. 


on which the lead had been considerably reduced, so as to* 
diminish friction. The reduction of friction did not increase 
the realised amount of energy in the powder, but, on the 
contrary, it was slightly reduced. Eounds were then fired 
with shell fitted with copper rings, and there was a gain 
in velocity, but the pressure in the chamber of the gun 
was found to be raised from 16’8 tons to 18*6 tons per 
square inch, showing that the increased effect had not 
been caused by a reduction of friction, but was owing to 
the increased difficulty of forcing the copper bands into 
the grooves, and to the powder being consequently burnt 
earlier in the bore. The paper then proceeds as follows : 

“ To show the effect of a greater or less degree of retention of 
the shot in its chamber in as clear a light as possil»le, the 
following experiments were made. Four projectiles for a 
12-centimetre B.L. gun were manufactured of j>ref?isely tht* 
same weight, and which differed from one another in the following 
respect only : that two of these were fitted with a rotating gas- 
check of such a form that a high pressure would be necessary to 
force the projectile into the bore; the two others being fitted with 
gas-checks of a form such that a comparatively feeble ]»ressure 
only would be requisite. The copi>er surfaces in contact with the 
bore were the same in each case. 

Two rounds, one with each form of gas-check, were then fired 
with a charge of 71b. of E.L.G. powder, every condition, except as 
noted, being precisely the same. The velocities with the twt> 
forms were respectively 1609 feet per second and 1512 feet ])er 
second, giving rise to 82*04 and 72*44 foot-tons per lb. of powder. 
The chamber pressures were respectively 15*2 and 12*0 tons per 
square inch. 

Two further rounds were then fired with 7ilb. R.L.G., when 
velocities of 1644 and 1544 feet per second, or energies per lb. of 
79*94 and 70*51 foot-tons were respectively obtained, tlie chamber 
pressures in this case being 16*4 and 14*1 tons per square inch. 

These experiments prove in a most complete manner that, 
although there may be, and doubtless is, some difft,*rence in the 
amount of friction due to the employment of lead or copper as 
the driving or rotating material, that difference is perfectly 
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insignificant when compared with the alteration in energy due 
to the projectile being more or less retained in its initial 
position, and thus permitting the powder to be consumed earlier 
and in a more complete manner.” 

The foot-tons of energy per lb. of powder in the 
above quotation are obtained from the number of expan- 
sions in the boro, and correspond with our ^^foot-pounds 
of energy per dram’^ in the table about Express rifles on 
page 110. The results shown in the quotation will become 
more clear if tabulated. In the first place, the connection 
between the chamber pressure and the muzzle velocity, with 
merely an increase of powder, may be shown thus : 

Charge of Powder. Velocity. Chamber Preasure. 

71b 1512 ft -see 12*0 tons. 

7Uh 1544 „ 14*1 „ 

Increase 7 per cent. 2*1 ]:)er cent. 17*5 per cent. 


The next will show the difference of effect with both 
charges when the resistance 'was increased : 


Besistance. 

Small .... 
Groat . . . . 


Muzzle Velocity from 


71h. powder. 7^1b. powder. 

1512 ft.-sec. ... 1544ft.-scc. 
1009 „ ... 1644 „ 


Increase ... 6*4 per cent. 7*1 per cent. 


Chamber Pressure from 
71b. powder. 7rilb. powder. 

12*0 tons ... 14*1 tons. 
15*2 „ ... 16*4 „ 

26*7 p. cent. ll*6p.cen 


It will be observed that the increase of velocity from the 
greater resistance is about three times as much as that arising 
from the increase of powder. Also, that the lesser charge 
of powder with great resistance gives higher strain on the 
breech than the larger charge with small resistance. And, 
further, that although the large charge more than keeps 
up the percentage of increased velocity arising from greater 
resistance, yet the relative increase in chamber-pressure is 
much smaller than before. 

Taking, too, the total amount of work done, both by increase 
of powder and increase of resistance, we find the percentage 
from the latter was again much higher than from the former. 
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In the next short table, the increase from the extra powder is 
given at the end of the line, while that due to extra resistance 
is given beneath. 


Total work done by 

Besistanee. * Increase. 

71b. powder. T^lb. powder. 

Small 507 foot-tons ... 529 foot-tons ... 4*3 per cent. 

Great 674 699 44 


Increase ... 13'2 per cent. 13'4 per cent. 

Betuming again to small arms, we have another mode of 
showing the different degrees of force in different rifles. The 
four accompanying woodcuts represent four crusher-gauges 
made of lead, which were kindly furnished by Major McClin- 
tock, R.A., who had carried out experiments with them. Fig. 1 1 
is the full-size representation of one that has not been used. 
Fig. 12 represents one that has been submitted to the pressure 
arising from the Snider-Enfield charge of 70grs. of powder 
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with 480gr. bullet of *577 bore ; it has been shortened a 
trifle by the explosion, but otherwise is little altered in shape. 
Fig. 13 shows the greater effect produced by the Martini- 
Henry charge of SSgrs. with a 480gr. bullet of -450 bore, by 
which it has been shortened and made more rotund ; and 
Fig. 14, which is very cheese-Iike in shape, repre.sents the still 
greater amount of « crush” effected by a Gatling cartridge. 
Olie latter has the same powder and bullet as the Martini, but 
18 inclosed in a stout brass case, very tightly clasping the pro- 
jectile, which thus gives much more resistance to the expan- 
mon of the gases. The relative pressures on those bullets 
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were estimated to be — Snider^ from 2 to 2 i tons; Martini, 
44 to 5 tons ; and Gatling, about 7 tons per square inch. The 
area of the *577 being about 1|- that of the *450 bore, the 
whole pressure given to the Snider bullet would be approach- 
ing that of the Martini, and, the bullets being equal in weight, 
their muzzle velocities would be not very far apart ; but the 

pressure per square inch on the circumference of the bore 
would, in the Martini, be very much greater than in the 
Snider, and greater strength of barrel would be required 
to withstand the strain. It is not uncommon for small barrels 
to be made thinner than large-bores because the charge of 
powder is less ; but, ’as previously pointed out, the strain does 
not depend alone upon the quantity of powder ; and in small- 
bores the resistance from turning-over, &c., is sometimes even 
greater than with large-bores. Possibly this may explain 
the number of accidents that have occurred of late with 
1() and 2U-bore guns, the percentage of those that have been 
burst by E.C. and Schultze powder being apparently much 
larger than in the case of 12-bores. 

But, returning to the crusher-gauge experiments, the most 
remarkable feature is the enhancement of force by the 
increased resistance of the Gatling cartridge-case, the bullet 
and powder being just the same as those of the Martini. I 
may add that Major McClintock considers these estimates 
as but approximately correct, the pressures of only a few 
rounds of each having been taken. These pressures, more- 
over, were not taken in the chamber itself, but just in 
front of the chamber; consequently the. gas would not 
operate on the crusher-gauge until after the bullet had 
been moved, and when the pressure had possibly somewhat 
diminished. 

It is a well-known fact that many of the most skilful rifle- 
shots prefer to load their own cartridges, as they thereby can 
insure an equality of manipulation that is not to be expected 
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from those that are commercially loaded ; and the regularity 
of shooting well repays them for their pains. I am convinced, 
from a careful inspection of the targets at the Field Rifle 
Trial at Putney, in October, 1883, that difEerence of care in 
the loading of the cartridges had a good deal to do with 
some of the weapons not giving better results as compared 
with others. On looking at chronograph records, too, it is 
not an uncommon thing fco find successive shots in the same 
series vary 50 feet or more in their muzzle velocity, while in 
other batches a remarkable degree of uniformity is shown ; 
and it seems by no means improbable that an important 
factor in such variations may be the ’different amount of 
resistance arising from the varying degrees of firmness with 
which the bullets are fixed into the brass shells. Some 
carefully carried out experiments to ascertain the facts might 
be advantageous in various ways, and, amongst others, in 
connection with the subject-matter of the ensuing section. 

Efitect of Atmosfhekic Pressure on the Development ok 
Force in Powdejl 

In a previous chapter (p, 05 et -vc^.) allusion has been made 
to the differences in amount of bullet-drop that may arise 
under reduced barometrical pressures with a given muzzle? 
velocity ; and it is intimated that the effect of change of 
temperature, &c., would be touched on in the cha])ter treating 
on the calculation of the trajectory. Inhere is, however, 
another point which deserves consideration, in connection 
with the subject now under discussion, viz., the effect whicli 
may be produced on the velocity of the bullet at the muzzle 
by the difference of resistance to its initial motion at the 
breech of the gun, and that is, the effect of atmosjiheric 
pressure in varying this resistance. Additional j)oint has 
been given to this matter by the following letter recently 
addressed to Mr. Walsh : 
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98, New Bond-street, London, W., Feb. 6, 1884. 

My Dear Sir, — Frequently I have had coinj)laints from corres- 
pondents who have been shooting with Expresses in the Himalayas 
in India, and the Rocky Mountains in America, that their rifles 
shoot low. I could not understand it, knowing that the rifles were 
correctly sighted, and in most cases pretty sure that the ammunition 
was right. One of these correspondents came over on sick leave, 
and went to our ground, and, to his surprise, instead of the rifle 
shooting some 12 or 14 inches low, as he said it did, it appeared 
to be about right. Again, Major C. called to-day and told me 
much the same thing. Well, this morning I received an order 
for an Exj)ress from America. The vrriter of this order 
particularly mentions that the barrels must be extra long, and 
sighted rather high, as he is shooting some 9000 feet or more 
above sea-level; and he says that, at these high altitudes, 
elevations are very different, and he believes the powder does not 
all burn. Will you ask your scientific friends if there is anything 
in it ? If there is, it may be w'orth mentioning in your book. 

Yours faithfully, 

Henry Holland. 

J. H. Walsh, Esq. 

Nothing is here said as to temperatures, or to length of 
ningo ; and, as remarked in the previous chapter, the lowness 
of temperature at high altitudes tends to counteract the 
effect produced by the height above sea-level, while the 
variation in drop Avould greatly depend on length of range. 

I^he observations made in a previous chapter had reference 
to the effect w^hich would be produced on certain bullets 
supposing that they had the muzzle velocities there stated, 
and that the temperature was about the normal standard. 
The effect of reduced temperatures vdW come on for future 
consideration ; and it will suflSce here to say that a reduction: 
of about 15° in temperature would compensate for a fall of an 
inch in the barometer. It is obvious, therefore, that the 
temperature would not be so low as alone to counteract the 
effect of the barometrical pressure being reduced by 10 inches. 
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as in the 11,000 feet elevation assumed for the calculations 
previously given. The drop in the bullet alluded to in 
Mr. Holland's letter must therefore be due, in great measure, 
to some other cause, and that cause most probably is the 
amount of atmospheric pressure in the bore of the gun. 

In an article of mine, inserted in the first volume of this 
work, some remarks were made (pp. 305-G) with respect to 
the different amounts of force given forth by gunpowder 
under different degrees of restraint. After stating that the 
force of the explosion increases with the strength of the 
envelope in which the powder is confined, and that the 
ignition of unconfined powder in the open air (under ordinary 
conditions of atmospheric pressure) does not show the lowest 
development of force, the article proceeds as follows : 

‘‘ If the explosive be fired in a rarefied atmosphere, as on a high 
mountain or under the exhausted receiver of an air pump, its 
violence decreases according as the pressure is reduced below the 
ordinary pressure of the atmosphere. This difference of resistance 
has an important influence on time-fuses ; for Quartermaster 
Mitchell found, by some experiments carried out in India, that 
fuses which burnt out in 14 seconds at the sea-level, required no 
less than 18 seconds in the hills, at an elevation of 7300 feet ; and 
Dr. Frankland, by means of experiments in artificially rarefied 
atmospheres, discovered the law of this variation, which he 
explained in a paper read before the Royal United Service Institu- 
tion. He showed that the mere change in our daily atmospheric 
pressures caused an appreciable difference in result, as a fall of one 
inch from the ordinary barometrical standard of 30 inches would 
decrease the time of combustion by th ; so that a half-minute 
fuse would require about 31 seconds to burn out at 29 inch 
pressure, and rather more than 32 seconds at 28 inches. At 
7300 feet the barometrical standard is rather under 23 inches, and 
the time occupied in the combustion of the fuse was increased 
nearly one-fourth.” 

This appears to bear on the effects alluded to by Mr. 
Holland's correspondents. We have already seen, from the 
experimental results with sporting rifles and big guns lately 
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commented on, that when tho resistance to the initial motion 
of the shot is increased, the powder exhibits greater energy ; 
or, to put it the other way, whenever the amount of resistance 
is lessened, the powder, having less work to do, does not put 
forth so much energy. The projectile begins to move under 
a lower pressure, and the powder gases never acquire so high 
a tension. 

Let us apply this to the state of affairs depicted in Mr. 
Holland's letter. When the rifle is fired, motion on the part 
of the bullet is resisted (1) by the weight of the bullet itself, 
which we will assume to be one of *450 bore, weighing 
350grs . ; (2) it is further resisted by crimping or swedging, 
which fixes the bullet in the case, as well as by the rifling, 
into which the metal of the projectile has to be forced — giving 
a combined amount of resistance which it is not easy to 
estimate, but which must be vastly beyond the mere weight of 
the bullet; and (3) the bullet has bearing on it an atmospheric 
pressure of about 151b. to the square inch. The rifle being of 
•450 calibre, this pressure would amount to nearly 2^1b., or 
about 50 times the weight of the 350gr. bullet — that is, 
supposing the gun were fired near the sea-level. But if it be 
fired at an elevation of, say, 11,000 feet, where the barometer 
would stand at about 20", the atmospheric resistance would 
only be about 101b. to the square inch, and thus be only about 
34 times the weight of the bullet. The conditions No. 1 and 
No. 2 would remain as before, but No. 3 would only operate 
to two-thirds of its previous extent ; a less amount of 
resistance would be offered to the expansion of the gases, and 
they would therefore dovelope less energy; with less energetic 
propulsion, the bullet would have a lower muzzle velocity, 
and tho bullet would drop more in a given distance owing 
to its slowness of flight. 

Such is a theoretical explanation of the effect described ; 
but no practical means, as far as I am aware, have ever been 
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adopted to test it. And it seems scarcely possible to prove 
it satisfactorily without careful experiments by means of 
scientific instruments, such as the chronograph, taken to high 
altitudes, so as to ascertain the muzzle velocity of rifles with 
ammunition which has been proved to give certain velocities 
near the sea-level. An approximate estimate of the muzzle 
velocity might perhaps be formed by methods of calculation 
hereafter to be described ; but they would only be approxima- 
tions, and open to the charge of being erroneous. If, how- 
ever, anyone would carry out a scientific inquiry into the 
matter, facts of considerable interest would doubtless be 
obtained ; but, until such is done, one cannot do more than 
speculate as to what the results would be. Projectiles of 
light weight would be most affected ; but otherwise the 
results would be likely to vary with nearly every rifle and 
bullet, according to the proportion which atmospheric resist- 
ance bears to other forms of resistance in the barrel. 

Supposing, however, it to be proved that diminished 
atmospheric pressure has the effect of reducing the muzzle 
velocity of the bullet, there is an opening for further experi- 
ment to ascertain whether the loss of resistance might not be 
remedied by the sportsman at high altitudes carrying a light 
swedging apparatus to crimp the brass shell more firmly into 
the bullet. 


Effect of Moisture on Gunpowder. 

The quantity of moisture in gunpowder considerably affects 
its rapidity of explosion and the amount of energy it imparts 
to the projectile. Whatever the proportion of water in the 
powder, it has to be turned into steam by the combustion of 
the other ingredients ; consequently inflammation is retarded, 
and the heat, which would have increased the explosive force, 
is considerably lessened. The difference in the amount of 
work done by powders containing different proportions of 
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moisture, but otherwise exactly alike, was tested by Messrs. 
Noble and Abel. They experimented with a series of samples 
of pebble powder, carefully prepared with proportions of 
moisture varying from 0*70 to 1*55 per cent., and the 
muzzle velocities of the shot, and maximum pressures in the 
cannon from which they were fired, were found to be as 
follows : 


Pernentaffe of 
Moifiture. 

Muzzle 

Velocity. 

Maximum 

Pressures. 

: Percenta^re of ! 
i Moisture. ! 

' i 

Muzzle 

Velocity. 

Maximum 

Pressure. 

0-70 

Ft. per sec. 

1545 

Tons per sq. in. 
22-02 

i 

1-15 1 

Ft. per sec. 

1514-5 

Tons per sq. in. 

19-37 

0*75 

1541 

21-70 

1-20 1 

1512 

19-12 

0-80 

1537 

21-38 

1-25 i 

1509-5 

18-87 

0-85 

1533-5 

2107 

! 1-30 1 

1507 

18-63 

0*90 

1530 

20-77 

i 1-35 ! 

1504-5 

18-40 

0*95 

1526-5 

20-47 

1-40 i 

1502 

18-18 

100 

1523-5 

20-18 

i 1-45 1 

1499-5 

17-97 

105 

1520-5 

19-90 

i 1-50 1 

1497-5 

17-76 

110 

1517-5 

19-63 

|i 1-55 

1495-5 

17-55 


The authors of the paper add : ^^From this table it will be 
seen that by the addition of considerably less than 1 per cent, 
of moisture, the muzzle velocity is reduced by about 00 feet, 
and the maximum pressure by about 20 per cent., pointing 
obviously to a much more rapid combustion in. the case of the 
drier powder.^’ 

Some examples of results obtained in experiments carried 
out by Capt. J. E. Greer, of the United States Ordnance 
Department, are also interesting. 

Two kegs of fine-grain powder were taken into a room kept 
heated by a stove night and day. One keg was opened, and 
a sample therefrom was exposed in an open vessel in the room 
for three days, at the end of which time it was made up into 
cartridges. The other keg was then opened, and cartridges 
made up from the unexposed powder. Both samples of 
cartridges were tested. Those loaded with the powder which 
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bad undergone three dajrs^ drying gave an initial velocity of 
1391 feet per second; those loaded with the uudried j)owder 
gave only 1340 feet per second. 

Some of the dried powder from keg No. 1 was then placed 
under a covered porch in the open air, and left exposed for 
three days, during part of which time it rained almost 
incessantly. Cartridges were made up from this powder ; 
and the initial velocity, which had been 1391 ft. -sec. when 
the powder was dry, now fell to 1347 ft. -sec. 

More samples of the same powder were exposed to the air 
of a heated room, for periods of three, six, and nine days 
respectively, after which they were made up into cartridges, 
and kept for four months. At the end of that time they were 
tested, and it was found that the powder dried for three days 
gave 1390 ft. -sec. velocity; that dried for six days gave 
1395 ft. -sec. ; and that dried for nine days gave 1407 ft.-s(*c. 
EWdently the cartridges must have been kept in a veiy dry 
place in the interim, as the powder that had undergone three 
day^s drying gave at the end of four months virtually the same 
velocity as had been given when it was first dried. 

A curious instance of the difference in the effecrt produced 
by the damping and re-drying of powder occurred in the 
course of some experiments carried out on behalf of the 
United States Government by Major Mordecai. One sample 
of powder, by reason of its high density and slow rate of 
combustion, gave a lower velocity than some other powders witli 
which it was tested. The different powders were (exposed to 
a very damp atmosphere for a long time, and subserpiently 
re-dried. Most of them had deteriorated more or less ; but 
this very dense sample gave better results than it had given 
originally. The moisture had caused the grains to swell, and 
when re-dried they retained their enlarged size ; coiisecjuently 
they were more pervdous, and, from their more rapid combus- 
tion, imparted higher velocity to the shot. 



CHAPTEE VI. 

THE TRAJECTORY OF THE BULLET. 


From what has already been said, it will be seen that the 
form of the trajectory-curve of the bullet is dependent on 
various circumstances, the most important of which are the 
force of gravity and the resistance of the atmosphere. As the 
extent of the influence of gravitation depends on the length 
of time it is in operation, and as increased velocity necessarily 
shortens the time of the bullet’s flight, the speed with which 
it is propelled from the gun must consequently have a con- 
siderable effect upon the formation of the curve ; and as the 
weight and shape of the projectile regulate the amount of 
retardation wdiich it undergoes from air-resistance, these 
matters also have to be taken into consideration when we 
attempt to trace the bullet^s course. 

It has previously been point€»d out (page 47) that the bullet 
begins to drop from the very instant that it quits the muzzle 
of the gun, and that, unless the muzzle were raised to some 
extent, the projectile would never hit the object aimed at. 
Every sportsman is aware that the elevation which is given to 
the gun — whether it be by a movable back-sight, or by a 
raised rib or plate, or merely by the barrel being thicker at 
the breech than at the muzzle — has the effect of compensating 
for a drop of the shot at a given distance. But it does not 
occur to everyone that this compensation is far from uniform 
throughout the line of flight, and that, in order to hit the 
mark at 200 yards distance, the muzzle must have four or five 
times as much elevation as is required for 100 yards ; nor 
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does it necessarily strike him, without explanation, that if 
he fires at an object at 100 yards, w'ith a rifle sighted for 
double that distance, the bullet will hit considerably above the 
line of aim. That such must be the case will, however, be 
seen by the illustration given opposite (Fig. 15), which is 
drawn, however, on an exaggeratcid scale of elevation, as 
compared with length of range, in order to adapt it to the 
dimensions of the page. The line u h — a continuation of the 
long axis of the barrel — shows the line ov projedion^ or 

elevation ; and, were it not that the bullet is attracted to the 
earth by the force of gravity, the line of its flight throughout 
would be coincident with the line of fire, and it would strike 
any object placed at h. The line d e, which is the line of aim 
or sight or vision, is carried direct from the back to the front 
sight, and onwards to the object aimed at. But neither the 
line of aim nor the line of projection indicates the line of 
flight of the bullet, which takes a curved course betwt^en 
these two straight linos — apparently ascending for about one 
half of the range and descending for the rest of the distance, 
though really dropping from the line of projection from the 
very first. 

It will be observed that the curve keeps pretty close to the 
line of fire in the early portion of the range, and is about mid- 
way between the two lines at the half distance, after which it 
falls off much more rapidly from the line of projection. As 
previously remarked, the effect produced by raising the 
muzzle of the rifle, to counteract the fall of the projectile, is not 
uniform throughout the bullet's flight ; for the upward line in 
which the bullet is fired rises in height in direct proportion to 
the increase of distance, whereas the fall of the bullet is 
in proportion to the square " of the time of flight. Hence, 
the >Dompensatory elevation must necessarily be in excess at 
the beginning of the range, and deficient afterwards, so that 
the bullet will first rise and then fall, till, at the end of the 
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distance for which, the rifle has been sighted, the projectile 
will have come down again to a level with the line of aim. 

A tolerably good representation of the eflect of these 
counter-influences may be obtained by means of a rod from 
which beads are suspended by threads varying in length, as 
shown in the accompanying diagram (Fig. 17). 

Here the rod a h (which is supposed to represent the line of 
fire or projection) is horizontal, to illustrate the case of a gun 
in which there is no elevation whatever to counteract the fall 
of the projectile ; consequently, in such case the line of fire 
and the line of aim would be parallel, supposing the barrel to 
have no increase of thickness at the breech. The suspended 
beads mark the course of the bullet, and the length of each 
thread shows the amount of fall from the line of projection at 
that point. The rod may be taken to represent a range of 
any given length, and the figure 1 over the first thread may 
represent full inches or fractional numbers as desired ; but here 
it will be easier to consider the first thread as one inch long, the 
whole range as 200 yards, and the divisions as 25 yards each. 

For the sake of simplicity, and to avoid the use of fractional 
numbers, it will be assumed that the velocity is uniform 
throughout, and consequently that the equal distances 
represent equal times. This, of course, is not strictly correct, 
for, if equal times were accurately represented, the distance 
between the threads would gradually diminish ; or, on the 
other hand, if the distances be taken as accurate, the length 
of the early threads would require to be somewhat shorter, 
and the others somewhat longer. 

Supposing, then, that in the time taken to travel the first 
25 yards of the range a bullet is drawn dovrn one inch from 
the straight line, it will, in the subsequent periods of equal 
length, descend in accoixlance with the numbers given above 
the threads ii^the diagraTu; i.e,, the fall in the first period 
being lin., it would be 4in. at the end of the second. 
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increasing in the third to 9in., and so on, in accordance with 
the square of the number of periods, as already set forth at 
page 52, in the chapter on the drop of the bullet. 

But, although we have seen how the bullet will fall if we 
hold the rifle in a perfectly horizontal position, we seldom 
want to use one in that way, and accordingly we lift the 
muzzle till the bullet starts at a greater or less angle with the 
horizon. Let us say that the muzzle is raised to such a 
point that the bullet will strike on the line of sight after 
traversing 200 yards. The raising of the muzzle makes no 
difference in the velocity of the projectile (except, as in the 
case of artilleiy, the shot ascends to very great heights, where 
density of the air is diminished) ; nor will it interfere with the 
action of the force of gravity; and, as the time would thus 
remain the same for the same distance, the amount of drop 
would also be unaltered. Accordingly, let us lift the Tod 
which represents the line of projection {a h) until the last 
bead touches the line of sight (a c), when every intervening 
bead is raised above the line of sight, as shown in the other 
diagram (Fig. 18). 

In order to compensate for the fall of 04 inches in 200 yards, 
the angle has to be such that the line of projection will, at the 
end of that range, be taken up to the point 5, 04 inches 
above the line of sight. The bullet, however, rises but a 
small portion of that height, as the operation of the force of 
gravity is now shown by its obstructing the ascent of the 
bullet in the first half of the range, and pulling the projectile 
down after it has passed the middle point. At the beginning, 
as will be seen by the dotted cjurve in the diagram, tho 
departure of the bullet from the line of projection is trifling ; 
the drop, which is little more than a thousandth part of an 
inch in the first yard, needs time to accumulate, and the space 
of 25 yards is passed by the time the fall amounts to an inch ; 
meanwhile the line of projection has ascended Sin. above the 
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line of sight, as is indicated by the figures on the diagram, 
where the topmost numbers denote the rise of the angle, the 
negative numbers immediately underneath indicate the fall of 
the bullet, and the numbers below the line of sight give the 
difference between the two, or, in other words, the height of 
the trajectory at each point. So the counter-influences 
proceed, till the rapid ratio of descent by force of gravity 
overmasters the slower ratio of rise by the angle of elevation, 
and then down comes the bullet towards the level of the line 
of sight. 

So high a trajectory as here given does not, we will suppose, 
meet our requirements. Let us see what will be the result of 
shortening the range to 150 yards. We therefore reduce the 
angle of elevation, and lower the rod accordingly till the sixth 
bead touches the line of sight. Then we find the height of 
the trajectory reduced to about one half of what it was before, 
so great has been the effect of the drop of the bullet in 
the latter portion of the range, where two beads will now 
hang under the line of sight. If we lower the rod again, 
there will be a further reduction in the height of the trajec- 
tory ; and when the 100 yards bead touches the line, we shall 
find the trajectory only one-fourth as high as it was at 
200 yards. 

This, however, as before stated, is on the supposition that 
the bullet retains the same velocity ; but, inasmuch as we 
cannot have a bullet that loses no speed, we cannot have 
a trajectory so flat as here alluded to. This remark, however, 
is not meant to refer to the curve as it strikes the eye in the 
diagram ; for in order to represent a range of 200 yards in the 
space of a few inches, the vertical lines are necessarily on 
a larger scale, or they would be indistinguishable. Nor is it 
meant that, in a range of 200 yards, the trajectory must 
necessarily be the number of inches in height that is stated in 
the diagram ; for the height would, of course, depend upon 
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the speed of the bullet, and the consequent time during which 
the force of gravity would be in action to pull it down 
towards the earth. But, supposing the time of flight were 
such that the bullet drops 64 inches in 200 yards, the height 
of the trajectory must exceed 16 inches ; and the extent of 
the excess would depend upon the form and weight of the 
projectile. 

In Fig. 18, with an assumed equality of speed, it will be seen 
that the height of the imaginary trajectory at the middle 
point is exactly midway between the line of sight and the line 
of projection, and consequently that it is one-fourth the height 
of the total fall in the whole range ; at 50 yards and 
150 yards, too, the beads are equal in height. But actual 
trajectories never have this equality, because the first part of 
the distance is travelled at greater speed than the last ; 
accordingly the bullet continues to rise somewhat beyond the 
middle point of the range, and the highest })oint of the 
trajectory is always more than one-fourth of the entire fall. 
The height varies at different points with different rifles and 
charges, and it will be higher with a spherical ball than with 
an elongated bullet that traverses the same distance in tlie 
same period of time ; for the longer and heavier the bullet 
in proportion to its diameter, the less will it vary in speed, 
and the nearer will it approach in regularity to the imaginary 
trajectory that has been given. On the other hand, the 
spherical ball, in order to accomplish the same distance in the 
same time, must start with greater velocity, and it would 
consequently always be higher than the elongated bullet until 
the time of flight is equalised. By reason of its greater 
speed, it would necessarily drop less in the first part of 
the range ; and although, after passing the turning-point, it 
would descend more rapidly than the long bullet, owing to a 
greater loss of velocity, it would not be until this loss had 
counteracted the previous gain that the two bullets would 
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come to the same level — i. e., supposing their line of elevation 
were alike originally. 

The following particulars, and the diagram on page 130 
(Fig. 16), will show how two bullets of the same bore, fired 
with the same charge of powder, vary in trajectory. The 
calculations were originally published in the Field on the 
occasion of a trial of Messrs. Holland's rifles in 1879. 

The spherical ball and the Express bullet were both of 
•577 bore, and both shot with 6 drams of powder. The 
long bullet (648 grs.), which was of more than double the 
weight of the spherical ball (287 grs.), had rather over 
1600 ft.-sec. muzzle velocity, and the spherical ball had about 
300ft. higher initial speed, yet, owing to their difference in 
loss of speed from air resistance, the time of the two bullets 
for 100 yards was almost the same, and the drop from the 
line of projection about 7i inches in each. 

The extent of drop of the respective bullets at eight 
equi-distant points in the 100 yards range will be seen by 
the following table, where the measurements are given to 
the second decimal, or hundredth j)art of an inch, in order 
that the variations from stage to stage may be readily traced : 

Fall of -577 Elongated and Spherical Bullets in 100 Yards. 


Elongated... 
Spherical ... 

li^yds. 
0*1 lin. 
007 

0-43in. 

0-32 

ST^yds. 

0-96in. 

0-77 

/iOj’ds. 

l'74in. 

1-4G 

6L>^yds. Tiij’ds. 87^ydB. lOOyds. 

2'78in. 4*06m, 5'66in. 7’67in. 

245 3'77 5*48 7*64 

BifForencc.. 

. 0 04 

Oil 

019 

0*28 

(»-33 0*29 018 —007 


The drop of the elongated bullet, owing to its lower initial 
speed, is at first greater than that of the spherical ball, and 
the difference increases till beyond the middle of the range, 
the turning point in the trajectory of the elongated bullet 
occurring at about 52 yards, and that of the spherical ball 
about four yards further on ; and as the long bullet has 
begun to drop from the culminating point of its trajectory, 
while the round ball has not yet reached it, the difference 
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between them goes on increasing until the latter has passed 
its turning point. Subsequently the spherical ball is the 
slower of the two, and its drop increases accordingly, 
thereby reducing the difference step by step till they become 
even just before completing the 100 j^ards range, and the 
sphere is consequently a fraction lower than the other at 
the full distance. Beyond this point the spherical ball would 
lose ground more and more rapidly, and at 200 yards it 
would have dropped 49 inches below the line of projection, 
whereas the elongated bullet would only have dropped about 
35 inches. 

Supposing, then, that rifles were sighted for a fall of 
7^ inches in 100 yards with each of the bullets, the difference 
in the heights of their trajectories would accord with the 
difference of drop at various points, as indicated in the 
foregoing table ; and the spherical ball would have the 
higher trajectory up to nearly 100 yards, where it would 
drop below, as will be seen by the following figures : 

Height of Trajectory of *577 Spherical and Elongated 
Bullets in 100 Yards. 



12iyd«. 

‘i-'iyds. 

i)7ivds. 

r'iCydR. 

fi2iyds. 

7'>ydB. 

87iyd8. 

KKtyds. 

Spherical .. 

. 0-87in. 

l*56in. 2*05in. 

2-29in. 

2’24in. 

l*8Giii. 

l*08in. 

— 0-14in. 

Klong^ated . . 

. 0-83 

1-45 

1-8C 

201 

1*91 

1-57 

0*90 

- 0 07 

Difference .. 

. 0 04 

Oil 

019 

0-28 

0-33 

0*29 

018 

- 0-07 


For a range of 200 yards, as the spherical drops 14 inches 
more than the elongated bullet, the same angle of elevation 
would no longer suit both ; and if two rifles were sighted to 
correspond with the difference of fall, the trajectory of the 
Express would be about 10 inches at its highest point, whei*eas 
in that of the spherical ball the height would bo very n(*arly 
17 inches. The diagram (Fig. 16, p. 130) will n^preseiit 
the relative curves of the two bullets, a c being the 
trajectory of the elongated projectile, and a c' that of the 
spherical ball. When fired with the same elevation (line a b). 
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the spherical ball, by reason of its higher velocity, is upper- 
most for about 100 yjirds, when, having lost its superiority 
of speed, and the time of flight having been equalised, its 
trajectory dips below that of the elongated bullet, which 
henceforth keeps the highest position. By the time it has 
gone about 170 yards, the spherical ball has dropped down 
below the line of sight (a c) ; and at the end of the 200 yards 
range it is about 14 inches lower than the elongated bullet. 
If the spherical ball were required to strike an object at 
200 yards, the line of elevation would have to be raised 
14 inches; and in that case the straight dotted line a d 
would become the line of sight, and the distance between 
this and the curve a c would be the height of trajectory. 

Trajectories of Express Rifles. 

There may be said to be two very distinct types of rifles 
made for elongated bullets, viz., those for long heavy pro- 
jectiles, with low muzzle-velocity, and those for. comparatively 
short and light bullets with high initial speed — the former 
having low trajectories at long ranges, and the latter low 
tra jectories at sporting distances. The last -mentioned may 
be subdivided into two or three varieties, according as the 
bullet is more or less light or hollow and the charge of 
powder more or less heavy. IVTiere to draw the line as to 
what is or is not an Express ” rifle is a moot point about 
which opinions differ; but without attempting to say here 
what ought to be the nomenclature, it is clear that the 
same name has been applied to weapons differing consider- 
ably in weight of bullet, initial speed, and trajectory. 

In the examples already given (pp. 101 and 111) of the 
velocity and energy of various Express bullets, there is con- 
siderable diflSculty in making a comparison between them, 
in consequence of their varying in calibre, weight of bullet, 
length of barrel, and proportion of powder to lead. An 
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endeavour will therefore here be made to put the various 
bores on an equal footing, by giving the weights of bullets 
which would have equal trajectories supposing that they 
had equal muzzle- velocities. 

It is a not uncommon belief that the bullets of small-bore 
Express rifles have a flatter trajectory than those of large 
diameter; but, under equal conditions, the reverse of this 
is the case. It is only when the small bullets are longer 
than large ones that their trajectory is lower. When large 
and small are alike as to length, their trajectory is the same 
with equal initial velocity ; and when there is equality in the 
proportion of length to diameter of bullet, the large bore 
has the advantage as to flatness of trajectory, supposing, 
as before, that they start with the same speed. 

Let us take, by way of example, the Martini-Henry bullet, 
which is •450in. in diameter, and L21in. (or a trifle more 
than 2| diameters) in length. If bullets of other bores were 
made exactly proportionate with the Martini-Henry, their 
length and weight would be as shown in the following table, and 
the corresponding charge of powder required would be as here 
stated, supposing the same proportion of powder were used : 


Equal Proportions of Length to Calibre of Bullet. 


Diameter 

Length 

Weight 

CorrpBpondlng 

of Bore. 

of Bullet. 

of Bullet. 

Weight 
of Powder. 

*360 inch .... 



42 

grains. 

•380 

1-02 

282 

99 • • • • 

50 

99 

■4m 

105 

337 


60 


•420 „ .... 

113 „ 

390 


69 


•450 

1-21 „ ... 

480 


85 

99 

•500 

1-34 

658 


117 

99 

•577 

1-56 . „ ... 

1012 

99 • • • • 

180 

99 


Here, the initial velocities being equal, the larger the bore 
the flatter would be the trajectory, as the weight of the 
l>ullet increases more rapidly than the surface opposed to 
the resistance of the atmosphere, and there is consequently 
less falling off in speed. 
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In the next table, however, the bullets are supposed to 
be equal in length; hence the area of resistance grows 
in the same proportion as the increase of weight. With 
equal initial velocity, the trajectory throughout is therefore 
the same, as they all lose speed at the same rate. Here it 
will be seen that, being all of the same length as the Martini- 
Henry bullet (nearly IJ inch), the small -bores wduld have 
to be lengthened beyond their proportion to calibre, in order 
to maintain an equally flat trajectory. Accordingly, their 
weight is increased beyond what is stated in the previous 
table ; whereas those of larger bore are correspondingly 
diminished in length and in weight. This will be made 
more obvious if, instead of giving the length as equal in 
inch measurement, it is given in the number of diameters. 


Bullets of Equal Length but Different Calibre. 


Diamotflr 
of Bore. 


Len#rth Woipht 

of Bullet. of Bullet. 


Corresponding 
Weight 
of Powder. 


*3()0 inch .... 

3*36 diameters ... 

307 grains . . . 

56 

grains 

•380 „ 

318 


342 „ 

61 

»» 

•400 „ .... 

302 

»» • • • 

379 „ ... 

67 

»» 

•420 „ .... 

2-88 

• • • 

418 „ 

74 

»» 

•450 

2-69 

»> • • • 

480 „ 

85 

>» 

•500 

2*42 


593 

105 

jf 

•577 

211 

If • • • 

789 „ 

140 

tf 


It is not very probable, however, that sportsmen would 
use small-bores with such very long bullets. Most persons 
would prefer to use less lead in proportion to powder, and 
to get higher velocities. It may be as well, therefore, to 
see what bullets of different bore would correspond wdth 
those of *450 of various weights. 

The bullets in the next table would have equal trajectories 
with like muzzle-velocities. In each case, bullets of ’450 bore 
are taken as the type from which the others are calculated, 
and they are accordingly printed in more conspicuous figures. 
It may possibly be said that nobody would ever want, for 
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sporting purposes, such heavy projectiles as many of these. 
The last line of the table, however, is inserted for the sake of 
oomparison with the Martini ; and the rest have their counter- 
parts in rifles already made for sporting purposes, although 
some may not have come into general use. Thus, with 
reference to the heavy projectiles in the last line but one, 
where a 440gr. bullet of *450 calibre is taken as the type, the 
•400 bullet is here given as 348 grains, and, by turning back 
to page 10, it will be seen that Sir H. Halford mentions 
a •400-bore rifle with 350gr. bullet as the pleasantest and 
best rifle for deer.” Further on in the same line of the 
present table, the weight of the ’577 bullet may seem 
enormous, but it does not very much exceed that used with 
Messrs. Holland's heavy rifle (M), which appears in the last 
line of the tables of Express rifles given on pp. 101 and 110. 


Weight of Bullets of Different Calibre having same 
Trajectories with Equal Velocity. 


■360 bore. 

•SSObore. | 

•400 bore. ! 

! 1 

•4‘2(» bore. 

i *450 bore. 

i 

1 •r'500 bore. 

•-‘>77 boro. 

Grains. 

Grains. 

G rains. 1 

G rains. 

j (1! rains. 

Grains. 

(trains. 

166 

185 

205 

226 

1 260 

321 

427 

179 

i 200 

221 1 

244 

! 280 

346 

460 

192 

214 

237 : 

261 

; 300 

370 

493 

211 

235 

261 

287 

i 330 

407 

543 

230 

257 

284 ' 

314 

i 360 


592 

256 

285 

316 

348 

1 400 

494 

658 

282 

314 

348 

383 

! 440 

543 

723 

307 

342 

379 

418 

480 

593 

789 


All bullets of the same dimensions do not, however, have 
equal muzzle-velocity, because some persons are content to 
use much smaller charges of powder than others. Let us see, 
then, what will be the difference in speed and drop of the fore- 
going series of bullets with different initial velocities. 

We will begin with the light projectiles corresponding in 
type with the 260gr. bullet of *450 calibre ; and, as there is 
probably much greater variation in the powder-charges and in 
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muzzle-velocity with light bullets than with those of a heavier 
character, it would be hardly satisfactory to take only one 
speed as a basis of comparison. It may be as well, therefore, 
to take 2000, 1900, and 1800 feet per second. 


Bullets of same Type as 260 grs., *450 bore. 


2000 FT.-SEC. ML'ZZLK VelOCITV. 


1000 iT.-HKc. Muzzle 
Vklocitv. 


18f)0 FT.-sEC. Muzzle 
VELOC lTy. 


i 


Range. 

Remaining 

Drop of 

■ Remaining 

Drop of 

Remaining 

Drop of 

Velocity. 

Bullet. 

1 Velocity. 

Bullet. 

Velocity. 

1 

Bullet. 

Yards. 

Ft. per see. 

Ft. 

in. 

■ 

Ft. per sec. 

Ft. 

in. 

Ft. persei;. | 

Ft. 

in. 

r>() 

1787 

0 

1*22 

ItWG 

e 

1*47 

1604 1 

0 

1*51 

100 

15J»2 

0 

5-48 

1508 

e 

6*1 

1423 ! 

0 

6*8 

150 

1413 

1 

1-9 

i;W8 

1 

3*5 

1266 

] 

5*3 

200 

1257 

2 

41 

i 1105 

2 

7*2 

1137 

o 

md 

10*9 

250 

1130 

4 

1-7 

1 1081 

4 

7*3 

1040 i 

5 

1*3 

m) 

1036 

(; 

8*8 

i l(t0« 1 

7 

5 

977 ; 

8 

2 

350 

974 

10 

2 

04.8 1 

11 

2 

922 * 

12 

2 

400 

919 

14 

8 

; 800 ! 

16 

0 

873 : 

17 

4 

450 

870 

20 

4 

! 1 

22 

0 ; 

828 1 

23 

9 

500 

826 

27 

3 

1 807 ; 

29 

4 1 

788 i 

31 

7 


Charge : 1 powder to about 1-8 Joad. ^ 1 powder to about 2’2 lead. 1 1 powder to about 2’5 lead. 


An endeavour is made to give an idea of the charge of 
powder likely to produce the velocity stated at the head of 
the table; but this must only be considered as approximate, 
for all rifles will not give exactly corresponding results, even 
when the conditions are apparently alike. Large bores, too, 
will probably give rather higher results than small bores with 
the same proportion of pow^der, and long barrels will give 
greater velocity than short ones; but here the barrels are 
assumed to be of equal length, viz., 20 inches. 

The question now arises, how far would these differences of 
velocity and drop affect the trajectory, or what would be the 
difference in the position of the bullet, if charges giving these 
different velocities were fired from a rifle sighted for one 
velocity. From the foregoing table we may see that, in a 
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range of 100 yards, a difference of 100 ft.-sec. muzzle-velocity 
would make nearly three-quarters of an inch difference of 
drop ; in 150 yards there would be about double this 
difference; in 200 yards more than four times as much; and 
so on. Consequently, if the rifle were sighted for, say, 
150 yards, with a charge of powder giving* 1900 ft.-sec. 
velocity, and were shot with a charge giving 2000, the bullet 
would strike about an inch and a half too high ; or it would 
be nearly two inches too low if shot with a smaller charge, 
giving 1800 ft.-sec. velocity. If, however, the filteration of 
the charge produces a difference of jump” in the rifle — as 
it certainly does in some cases — that cannot be estimated in 
this calculation. The amount of drop ” would not be 
affected by the jump, but the up and down position of the 
bullet on the target would be changed according to the extent 
of this muzzle disturbance, which would vary with the rifle. 

Another mode of comparison may be made by means of 
independent trajectories, calculated from the drop of the 
respective bullets with their different velocities. These will 
now be given for every 50 yards from 100 up to 500 yards. 
It is not supposed, however, that sights for the whole of these 
distances would be applied to any one rifle ; but, as different 
rifles may be sighted for different distances, the table may 
prove more useful than if the ranged were taken more widely 
apart. It will be seen that the trajectories for the three 
velocities at each range are grouped together, and the 0 shows 
the end of the range for which the rifle is supposed to be 
sighted — except in the 500 yards range, where the final 
0 is omitted for want of space in the page. The grcjatest 
height of the trajectory is also given in the last column, 
as otherwise it could not be readily estimated in cases where 
there is no half-distance — e.g.y in the 150 yards range. The 
culminating point of the trajectory in this case occurs at about 
80 yards. In the 500 yards range the greatest height occurs 
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at about 300 yards with this bullet, and at less with heavier 
bullets ; but there is no great difference between the height 
at the half-range and at the culminating point. 


Height of Tbajectobies of Bullets of 260gb. Tyfe in Banges fboh 
100 to 500 Yabds. 



L 
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Bullets op same Type as 280grs., '450 Bore. 


1900 FT.-SBC. Muzzlb Velocity. j 

1800 FT.-SBC. Muzzle Velocity. 

Range. 

Remaining 

Velocity. 

Drop of 
Bullet 

Range. 

Remaining 

Velocity. 

Drop of 
Bullet. 

Yards. 

Ft. per sec. 

Ft. 

in. 

Yards. 

Ft. per see. 

Ft. in. 

50 

1710 

0 

1-34 

50 

1617 

0 1-5 

100 

1534 

0 

6*2 

100 

1448 

0 6-7 

150 

1372 

1 

3 

150 

1297 

1 5 

200 

1233 

2 

6 

200 

1171 

2 10 

250 

1118 

4 

5 

250 

1069 

4 11 

300 

1034 

7 

1 

300 

1003 

7 10 

350 

970 

10 

8 

350 

949 

11 8 

400 

925 

15 

2 

400 

900 

16 7 

450 

878 

20 10 

450 

856 

22 7 

500 

837 

27 

9 

500 

816 

1 

30 0 

Charge : 

1 powder to about 2*3 lead. 

Charge : 

1 powder to about 2*fi lead. 


It would be tedious to go through the various types of 
bullets with the same amount of fullness as is done on the 
previous two pages ; and the figures there given show that, 
within moderate limits of change of velocity and alteration in 
weight of bullet, the variations of drop and differences in 
trajectory are comparatively small, and the divergences can be 
guessed at within a little when you have the weights, velocity, 
and drop of other bullets to take as standards to judge by. 
Accordingly, the remaining velocities'^ and '^drop^^ will, 
in the majority of cases, be calculated only from two muzzle 
velocities ; but in two other instances, the three velocities 
and heights of trajectories will be given, for the purpose 
of affording standards of comparison. 

In order to point out how these tables may be turned to 
account, let us assume that we have two rifles of -400 and *600 
bore respectively, and that we wish to form an idea of what 
velocity and drop of bullet they would have at different ranges. 
The bullet generally used with our *400 rifle weighs, say, 
about 220 grains, and that of the *500 about 440 grains. 
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Looking at the table on page 142, we find that our *400 
bullet is similar in type to the *450 of 280 grains, and that our 
•500 bullet is much about the same as the *450 of 360 grains. 
Hence we take as our means of comparison, in the former 
case, the table opposite, and for the 500-bore we refer to the 
table of 360gr. type given on page 150. 

If we know, from chronograph results, or from the process 
of calculation hereafter described, what is about the muzzle 
velocity of the respective rifles, we may find that they come 
within a moderate difference from one or other of the muzzle 
velocities given at the head of the table we have to use, and 
accordingly we choose that which is nearest ; or supposing 
that, in the case of the *400 bullet, we know that its muzzle 
velocity is about 1850 ft. -sec., we may take the medium 
between 1900 and 1800, and see at a glance that at, say, 200 
yards, the remaining velocity would be about 1200 ft.-sec., and 
the drop about 2ft. 8in. ; and so on with other distances. If 
we do not know what the muzzle velocity is, we may yet 
perhaps be able to form an approximate notion by reference to 
the charge of powder. The *400 bullet of 220 grains is shot 
Avith, say, 3i or 3^ drams of powder. Eeferring to the table 
on page 99, we see that the former charge is equal to about 
89grs., and the latter to about 96grs. ; and dividing the 
grains of load by the grains of powder, we find that 3idrs. 
would give the proportion of about 1 to 2*5, and 3idrs. of 
about 1 to 2*3 ; so it may be assumed that the muzzle velocity 
of the former would be rather over 1800 ft.-sec., and of the 
latter about 1900 ft.-sec. 

One thing, however, it will not bo safe to assume, viz., that 
if we alter the charge from SJ^drs. to 3^drs., or vice versa, and 
thus raise or diminish the velocity by 100 or any other number 
of feet per second, the difference on the target will be only the 
number of inches shown in these tables. Such would be the 
case if all conditions remained exactly the same except the 

L 2 
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mere alteration of speed ; and such, indeed, is the effect when, 
as the chronograph shows, there arc variations of muzzle- 
velocity with exactly the same charges. But when we alter 
the quantity of powder, the conditions of explosion are also 
changed ; a different degree of " jump ” is set up in the 
barrel, and the effect of this change of jump does not run on 
the same lines as the effect of simple alteration of speed. 
Thus, referring to the next table, we find that, in 100 yards, 
there is less than one inch difference of drop produced by 
100 ft.-sec. change of initial speed, but that at 500 yards the 
difference is nearly 2| feet. There might be a difference in 
jump such as would just compensate for the difference of drop 
at one range, but would have by no .means the same effect at 
the other j for such a change of jump as would produce 30 
inches difference in 500 yards would make C inches difference 
at 100 yards, and, as the gravity drop makes only about 1 inch 
difference in the latter range, the bullet would be 5 inch(\s 
above or below the expected position on the target, and the 
marksman might be puzzled to account for it. 

Bullets op same Type as 300 grs., -450 bore. 

1900 FT.-SEC. Muzzle Velocity ft.-sec. Mi zzle itoo ft.-sec. Mi zzle 

\ ELOCTTY. Vhl.OCJTV. 

•r.pof 


in. 

17 

T\ 

7 

1 

3 

4 
4 
0 
U 


Ranee. Bemainin#? Drop of Remaining Drop of Konmining Di 
Velocity. Bullet. , Velocity. Bullet. , Velocity. B 


Yards. Ft. per sec.' Ft. in. Ftpersfic. Fl. in. 

^50 1722 i 0 1-32 162 » 0 1 - 4.9 

IW 15.56 I 0 5-9 , 1470 0 6 S 

150 1403 I 1 2-7 i 1326 1 4 4 


16.56 i 0 S i 
1403 i 1 2 -: 

1267 2 5 

1154 4 3 

1062 9 3 

1002 10 2 
951 14 6 

906 ! 19 11 
864 I 26 5 


973 11 2 

926 15 10 

882 21 7 

843 28 7 


Ft. per HOC 

]r>3o 

vm 

1252 

1141 

1053 

0j^5 

945 

900 

859 

822 


Charge: 1 powder to about 2-8 lead. 1 powder to about 2Mead. j 1 powdertoabo 
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Height of Tkajectobies of Bullets of SOOob. Type, in Banoes 
100 TO 500 Yabds. 


Full 

llan/?R 

and 

Muzzin 

Velocity 




Height of Bullet at points in the Bange, 50 yards apart. 


. « o ^ 

.OOyds. [ 100yds. 

' IflOyds. 

i 

! 200yds. 

i 

250yds. 

300yds. 

350ydR. 

400ydB. 

■ g - •* 
450yds, ! 2 

Ft.-sec. 

Ft. in. 

1 Ft. in. 

1 Ft. In. 

Ft. in. 

Ft in. 

Ft. in. 

Ft in. 

Ft in. 

Ft in. 

I Ft in. 

lOO 

1900 

1800 

1700 

150 

1900 

1800 

1700 

200 

1900 

0 

0 

0 

0 

0 

0 

0 

! 

l-6i 

1-9 

2*0, 

1 

1 

3*6 0 
4-0 0 
4*5 0 

6-0' 0 

0 

0 

0 

3- 9 

4- 2 
4*9 

8*7 

0 

0 

0 

0 

7*2 


0 


... 

! 

... 

... 

... 

0 1*6 
0 1*9 
0 2*0 

0 4*3 
0 4*7 
0 5*2 

0 8*8 

1800 

0 

6-7 0 

9*6 0 

8*1 


0 






0 9*7 

1700 

0 

V5 0 10-9 0 

9 


0 






011*0 

250 

1900 

0 

9 

,1 

2 

1 

4 

1 

0 

0 





1 4 

1800 

0 

10 

1 

4 

1 

6 

1 

1 

0 



... 


1 6 

1700 

0 

11 

1 

6 

1 

8 

1 

2 

0 

... 




1 8 

300 

1900 

1 

0 

1 

9 

2 

2 

2 

1 

1 5 

0 

i 



2 2 

1800 

1 

1 

1 

11 

2 

5 

2 

4 

1 7 

0 

1 

! 



2 5 

1700 

1 

3 

2 

2 

2 

7 

2 

6 

1 8 

0 

i 


... 

2 7 

350 

1900 

1 

4 


5 

3 

2 

3 

5 


1 11 

1 0 



3 5 

1800 

1 

6 

2 

8 

3 

5 

3 

8 

3 3 

2 1 

1 0 



3 8 

1700 

1 

7 

2 

11 

3 

9 

4 

0 

3 6 

2 3 




! 4 0 

400 

1900 

1 

8 

3 

2 

4 

2 

4 10 

4 10 

4 1 

j 0 

2 6 

0 


411 

1800 

1 

10 

3 

5 

4 

6 

5 

2 

5 2 

4 4 

i 2 8 

0 

• •• 

5 3 

1700 

2 

3 

3 

9 14 11 

5 

7 

5 7 

4 8 

1 2 10 1 

0 


5 8 

450 

1900 

2 

1 

3 

11 

5 

5 

6 

5 

6 10 

6 6 

5 4 ! 

3 3 

0 

610 

1800 

2 

3 

4 

3 

5 

10 

6 11 

7 3 

6 11 

5 7 

3 4 

1 0 

7 3 

1700 

2 

6 

4 

7 1 

0 

3 

7 

5 

7 9 

7 4 

G 0 

3 6 

0 

7 9 

300 

1900 

2 

6 

4 10 

6 

8 

8 

2 

9 0 

9 1 

8 4 

6 8 

3 10 

9 1 

1800 

2 

9 

5 

2 

7 

2 

8 

9 

9 7 

9 8 

8 10 1 

7 0 

4 1 

9 8 

1700 

3 

0 

5 

7 1 

7 

9 

9 

4 

10 2 

10 3 

9 4i 

7 5 

4 4 

10 3 


By comparing with page 145, we see that an increase of 
40 grains gives in long ranges nearly the same trajectory as 
260gr. bullet with 200 ft.-sec. more velocity. 
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Bullets op same Type as 330ges., *450 bore. 


1800 FT.-SEC. Muzzle Velocity. 

1700 FT.-SEC. Muzzle Velocity. 

Range. 

Remaining 

Velocity. 

Drop of 
Bullet. j 

1 

Range. 

Remaining 

Velocity. 

Drop of 
Bullet. 

Yards. 

Ft. per sec. 

Ft. in. 

Yards. 

Ft. per sec. 

Ft. in. 

50 

1645 

0 1-5 

50 

1550 

0 1*7 

100 ; 

1498 

0 6*5 i 

100 

1411 

0 7-3 

150 : 

1363 

1 4 

150 

1286 

1 6 

200 i 

1244 

2 7 

200 

1179 

2 11 

250 

1144 

4 6 

250 

1089 

5 1 

300 

1062 

7 2 

300 

1025 

7 11 

350 

1007 

10 7 

350 

977 

11 8 

400 

960 

14 11 

400 

933 

16 5 

450 

917 

20 4 

450 

892 

22 3 

500 

878 

26 10 

500 

855 

29 3 

Charge : 

1 powder to about 2*8 lead. 

1 

i Charge : 1 powder to about 3 lead. 

1 


Taking each of these, and comparing them with the same 
muzzle velocity in the type of bullet above or below it in 
weight, we find the differences are not so wide apart but that 
approximate estimates may be formed of other bullets inter- 
mediate in weight, as the variations may be only a few feet in 
velocity or a few inches in drop. 

Bullets of same Type as 360 grs., *450 bore. 


1800 l.T.-SKe. MIZZI.E VELOCirr. : ^ viSTv™' '' 


Range. , 

Remaining ! 
Velocity. 

Drop of 1 
1 Bullet. 1 

Remaining 

1 Velocitj'. 

Droji of 
Bullet. 

; Remaining , 
j Veluciiy. j 

Drop of 
Bullet. 

Yards. 

Ft. per sec. 

Ft. 

in. 

Ft, per sec. 

Ft. 

in. 

! Ft. per sec. 

Ft. 

in. 

50 

1657 

0 

1*46 

1563 

0 

1*55 

! 1468 

0 

1 K6 

100 

1522 

0 

6*36 

1433 

0 

7*15 

1 i;w7 

0 

H-I 

150 

1395 

1 

5*4 

1315 

1 

5-6 

; 1240 

1 

7-9 

200 1 

1282 

2 

6*5 

1212 

2 

10 

1 ]148 

3 

2*6 

250 1 

1184 

4 

4 

1124 

4 

10 

1 107<» 

5 

5*5 

300 

1100 

6 

10 

1052 

7 

7 

i 1017 

8 

5(; 

350 

1036 

10 

1 

I 1004 

11 

2 

: 973 

12 

5 

400 

991 

14 

2 

1 961 

' 15 

8 

! 93;i 

17 

3 

450 

949 

19 

3 

1 922 

i 21 

2 

; 896 

23 

o 

500 

911 

25 

5 

886 

i 

i 28 

9 

i 862 i 

! 

1 3(» 

3 


Charge: 1 powder to about 2*6 lead, j 1 powder to about 3 lead. ■ 1 powder to about 4 load. 



TRAJECTORY OF THE BULLET. 


151 


Height of Trajectories of Bullets of 360aR. Type, from 
100 TO 500 Yards. 


Full 

Ban{?e 

and 

Muzzle 

Velocity 

Height of Bullet at points in Range, 50 yards apart. 

Greatest 
Height of 
Trajectory. I 

50yds. 

lOOyds. 

lOOyds. 

200yds. 

250yds. 

SOOyds. 

350ydB. 

400yds. 

450ydB. 

Ft.-8ec. 

Ft. in. 

Ft. in. 

Ft. in. 

Ft. in. 

Ft. in. 

Ft. in. 

Ft. in. 

Ft. in. 

Ft. in. 

Ft. in. 

lOO 















1800 

0 

1*7 


0 




... 






0 1*8 

1700 

0 

2 


0 


• « • 


• •• 

• •• 





0 2*1 

1600 

0 

2-2 


0 


... 


... 

... 





0 2*3 

150 















1800 

0 

3-8 

0 

4*1 


0 




— 




0 4*6 

1700 

0 

4-3 

0 

4*6 


0 







... !0 5*0 

1600 

0 

4*8 

0 

5*2 


0 


... 

... 




... 

0 5-6 

200 















1800 

0 

6*1 

0 

8*9 

0 

7*2 


0 


... 




0 9.1 

1700 

0 

6*9 

0 

9*9' 0 

8*0 


0 


• • • 


• • • 


0 10.1 

1600 

0 

7*8 

0 

11*2 

0 

9*0 


0 

... 

... 


... 

... 

0 11.4 

250 















1800 

0 

8*9 

1 

2*4 

1 

3*5 0 11*1 

0 

... 



... 

1 4 

1700 

0 

10 

1 

4*11 

5*4 1 

0*4. 0 

• •• 





1 6 

1600 

0 

11*3 

1 

6*0 

1 

7*6 

1 

1*8 

0 

... 




1 8 

300 















1800 

1 

0 

1 

9 

2 

1 

2 

0 

1 4 

0 




2 2 

1700 

1 

2 

1 

11 

2 

4 

2 

3 

1 6 

0 




2 5 

1600 

1 

3 

2 

2 

2 

7 

2 

5 

1 7 

0 


... 


2 8 

350 















1800 

1 

4 

2 

4 

3 

0 

3 

3 

2 9 

1 10 

0 



3 4 

1700 

1 

6 

2 

7 

3 

4 

3 

6 

3 2 

2 0 

0 



3 7 

1600 

1 

7 

2 

10 

3 

7 

3 

10 

3 5 

2 2 

0 


... 

3 11 

400 















1800 

1 

8 

3 

0 

4 

0 

4 

7 

4 7 

3 10 

2 4 

0 


4 7 

1700 

1 

10 

3 

4 

4 

5 

5 

0 

4 11 

4 2 

2 6 

0 


5 0 

1600 

12 

0 

3 

8 

4 10 

5 

5 

5 4 

1 4 5 

2 8 

0 


5 5 

450 










1 





1800 

2 

0 

3 

9 

5 

1 

6 

0 

6 5 

i 6 1 

4 11 

2 11 

0 

6 5 

1700 

2 

3 

4 

1 

5 

7 

6 

7 

6 10 

1 6 6 

5 3 

3 2 

0 

6 10 

1600 

2 

5 

4 

6 

6 

1 

7 

1 

7 5 

6 11 

5 7 

3 5 

0 

7 5 

500 















1800 

2 

5 

4 

7 

6 

3 

7 

7 

8 4 

8 5 

7 8 

6 1 

3 7 

8 5 

1700 

2 

8 

4 

11 

6 10 

8 

3 

9 0 

^9 1 

8 3 1 

6 6 1 

3 10 

9 1 

1600 

|2 

10 

5 

4 

7 

5 

8 10 

9 7 

1 9 8 

1 8 9 

6 10 1 

4 1 

9 8 


Weight again tells; and we find that, when the range is 
long, the 360gr. bullet gives much the same trajectory with 
1600ft.-soc. muzzle velocity as the 260gr. bullet (page 145) 
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gives with 400ft. more speed ; while, at short ranges, the efiFect 
is much about the same as 200ft. difFerenoe of initial speed. 
The 300 gr. -bullet (page 149), as might be expected, gives 
medium results ; the long-range trajectories being very similar 
to those of 260grs. and 360grs. having 200ft. higher or lower 
speed, and the short ranges having about half that difFerence. 

Bullets of same Type as 400grs., *450 bore. 

1600FT.-6BC. Muzzle Velocity. 1500 pt.-sec. Muzzle Velocity. 


Range. 

Remaining 

Velocity. 

Drop of 
Bullet 

Range. 

Remaining 

Velocity. 

Drop of 
BuUet. 

Yards. 

Ft. per sec. 

1481 

Ft in. 

Yards. 

Ft per sec. 

Ft in. 

50 

0 1-84 

50 

1387 

0 2 09 

100 

1370 

0 7-9 

100 

1286 

0 91 

150 

1270 

1 7 

150 

1196 

1 10 

200 

1183 

3 1 

200 

1118 

3 6 

250 

1107 

5 3 

250 

1054 

5 11 

300 

1046 

8 1 

300 

1010 

9 1 

350 

1003 

11 10 

350 

971 

13 2 

400 

965 

16 5 

400 

935 

18 2 

450 

929 

21 11 

450 

896 

25 3 

500 

896 

28 6 

500 

870 

31 4 


Charge : 1 powder to about 4 of lead. 


Charge : 1 powder to about 4*6 of lead. 


Bullets op same Type as 44()grs., 450 bore. 


1600 FT.-8EC. Muzzle Velocity. 


1400 FT.-sEC. Muzzle Velocity. 


Range; 

Remaining 

Velocity. 

j Drop of 
Bullet 

Range. 

Remaining 

Velocity. 

Drop of 
Bullet 

Yards. 

Ft. per sec. 

Ft 

in. 

Yards. 

Ft. per HOC. 

Ft in. 

50 

1397 

0 

208 

50 

l;306 


100 

1303 

0 

8*9 

100 

1222 

0 10-2 

150 

1219 

1 

9-5 

150 

1147 

2 1 

200 

1145 

3 

5 

200 

1083 

3 11 

250 

1081 

5 

9 

250 


0 ts 

300 

1033 

8 

9 

300 

996 

9 lU 

350 

995 

12 

8 

350 

962 

14 1 

400 

961 

17 

5 

400 

929 

19 3 

450 

928 

23 

2 

450 

899 

‘2r, 6 

500 

898 

29 11 

500 

870 

32 10 


Charge: 1 powder to about 4-6 of lead. Charge ; 1 powder to about 6 of im l. 
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Bullets op same Type as Martini-Henry, 480grs., *450 bore. 

1400 FT.-REC. Muzzle Velocity. ^^SO FT^SEa^Mi:zzLK 1300 ft^-sec Muzzle 




Range. 

Remaining 

Velocity. 

Drop of 
Bullet. 

Remaining 
Velocity, j 

Drop of 
Bullet. 

Remaining 

Velocity. 

Drop of 
Bullet. 

YardH. 

Ft. per sec. 

Ft. 

in. 

Ft. per sec. i 

Ft. 

in. 

Ft. per sec. 

Ft. in. 

100 

1235 

0 101 

D95 1 

0 l()-8 

1153 

0 11-9 

200 

1103 

3 

0 

1072 i 

4 

1 

1045 

4 4 

300 

1015 

0 

7 

006 

10 

2 

070 

10 10 

400 

050 

IS 

0 

034 

19 

8 

017 

20 7 

500 

804 

31 

0 

870 

33 

3 

! 804 

35 0 

000 

844 

40 

3 

831 i 

51 

7 

817 

54 1 

700 I 

1 700 

72 

0 

787 

75 

2 

' 775 

78 5 

800 

757 

1(M) 

0 

740 

104 10 

j 735 

loo 2 

000 

718 

130 

3 

708 

141 

0 

007 

147 4 

1000 

083 

170 

3 

072 

180 

0 

j 001 

103 5 

C’hargc : 

1 jxiwdcr to about A 

■:} load. 

1 powder to about ">•<; lead. 

1 powder to about 6 lead. 


These tables, as before observed, represent merely the 
natural drop from gravitation in accordance with the time 
taken by the bullet to traverse each particular range. This is 
all that can bo acicounted for on the theoretical side of the 
(jiiestion. On the practical side, there are other matters 
which the maker of the rifle must necessarily take into 
consideration, or he would produce but a very sorry result. 
He has to meet the peculiar jump” of each weapon ; and 
tlio ajiparcnt drop for which he regulates the rifle may there- 
fore be more or less than the real drop indicated by the 
tables. Tlu'se calculations, however, are not intended to be 
more theoretical curiosities. It is hoped that they may prove 
of some practical service to the maker, as well as the user, 
of the rifle, by enabling them to meet this condition of things. 
A comparison of the results actually obtained at the target 
with the amount of natural drop shown in the tables, will 
give an idea, when different charges are used, of hovr much 
of the difference of position of the bullets is due to jump, and 
how much to the altered velocity of the bullet. 
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The Calculation op Trajectories. 

The trajectory of a bullet may be calculated either from the 
amount of its drop in a given distance, or from its muzzle 
velocity ; and if the latter be known, the former may be 
estimated, and rice versa — ^always supposing that the diameter 
and weight, as well as the shape of the projectile, have been 
ascertained. 

If a chronograph is available, that, of course, is an authori- 
tative means of getting the bullet^s velocity ; and the method 
afterwards described is only a substitute for obtaining ap- 
proximate results, where a proper instrument cannot be 
obtained. The chronograph does not, however, directly tell 
the speed with which the shot leaves the muzzle ; it merely 
records the amount of time taken to traverse a given dis- 
tance, and shows the mea?i velocity for such distance. Thus, 
if we know what fraction of a second of time was taken l)y 
the bullet in passing from the muzzle of the gun to a screen 
placed 20 yards distant, and we divide the 20 yards, or (>0 
feet, by this fraction, we ascertain the velocity in fe(‘t per 
second. But, inasmuch as the bullet loses speed in the 20 
yards, from its encounter with the atmosphere, tho chrono- 
graph record neither shows the velocity with which the 
bullet left the gun nor that with which it struck the screcui ; 
it gives, in fact, the average velocity, and this is ecpiivalent 
to the actual speed of the bullet at the mean disbinco of 
10 yards. Perhaps, however, it would be more strictly cor- 
rect to say that the mean velocity of the full range very 
closely approximates to the actual speed at half- range ; but 
the divergence from strict accuracy is so small that it may bo 
disregarded in short ranges. If the resistance of the atmo- 
sphere varied exactly in accordance with the cube of tlio 
velocity, the average speed at one distance would exactly 
represent the real velocity at half that distance ; but, inas- 
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much as the ratio varies somewhat, being less than the cube 
when the velocity either rises much above or falls much 
below 1100 feet per second, there is a consequent amount of 
variation, which tells most with very light projectiles, at high 
velocities, in long ranges ; but even with these the difference 
is comparatively trifling, and, for all practical purposes, it 
may be left out of consideration. 

We will suppose, however, in the first place, that the 
muzzle velocity is known, and that wo wish to find out what 
would be the remaining velocity of the projectile at any 
given distance. Having done this, we can easily reverse 
the process, and ascertain the muzzle velocity from the mean 
time. 

But we can do nothing without the tables invented by 
Professor Bashforth, and some of these, which apply to elon- 
gated projectiles with ogival heads, are accordingly quoted in 
the ensuing pages. It would be beyond the scope of this 
book to enter into a description of the manner in which these 
tables, were framed. Anyone wishing for particulars on this 
subject must be I’efcrred to Mr. Bashforth\s volume and sup- 
plement, or to the Government blue books containing his 
reports to the War Office. The tables given over-leaf are 
copied from the Final Report” mentioned below. The titles 
of these books and reports are as follows ; 

“ A Mathomiiticiil Treatise cm the Motion of Projectiles, founded chiellY 
oil tho Results of Ex|H*riiueiits made with the Author's Chrouo- 
gra]>h.” By Francis Bashforth, B.D., Professor of Applied Mathe- 
matics to tlie Advanced Class of Royal Artillery Officers, Woolwich. 
London ; Asher & Co., 17, Bedford-street, Covent -garden. 1873. 

“ Sup]doiuent to a Mathematical Treatise on tho Motion of Projectiles.” 

By Francis Bashforth, &c. London: Asher & Co. 1881. 

“ Re}H)rts on Experiments made with the Bashforth Chronograph to 
Determine the Resistance of the Air to the Motion of Projectiles.'^ 
1865-1870. London : W. Clowes A Sons, and other booksellers. 
“Final Report on Experiments made with the Bashforth Chronograph 
to Detormiue tho Resistance of tho Air to Elongated Projectiles.'* 
1878-80. Loudon : W. Clowes & Sons, &c. 





A General Table of Values of ^ t for Ogival-headed Shot, 


f.s. I) secft. BocR. secs. secs. l «eca secs. secs. i secs. 

10 jl 7o-3!W 77-111 78-7!»0 80-4:{7 j 8-i-0r*l» ( K3«3f; 8rrl9<» 

11 ! 9M-25 92-542 nM-.9«4 !»«-«44 B7-!>r>4 99-201 

12 I 1 04-232 06-423 06-695 07*748 08 S83 i 09-999 , 11-097 12*178 

13 i 1 15-323 16-839 17-340 18-326 19-297 , 20*254 ' 2M96 221-24 

14 i 24*S;}() 25-706 26-570 27*422 2S-J62 , 29*091 ! -29-908 30*714 

15 I 33-068 33-832 34-586 35-331 36*066 ; 36*792 | 37-508 38 215 

16 j 1 40-283 40-955 41*618 42-278 42-9-20 : 43*559 j 44*190 44*813 

17 46-640 47"235 47*823 48-404 48*978 49-546 j 50-107 , 50-662 

18 52-291 52-822 53*347 53*867 54*381 54 890 I 55-393 55*890 


8 I 9 I; DIff. 
secs. I B(H-R. j 4- 

S8-212 1 S9-(IS-J 1-584 

•01-789 !• 03-02 1 1-3-20 

13-243 14-291 1 1 16 

2;J039 23-941 -957 

32-294 I -8-2!» 
38-913 39-602 - -726 

45-429 46-038 -OTJO 

51-211 51-754 -568 

56-;»<-2 I 5(>-869 


58-767 r.‘»-229 ! r.9-68({ 

63-180 I (13-598 | 64-012 

67-181 1 67-560 67*936 i 


61-0-J9 61-468 


74-465 74-780 j 75 


25 i 1 79-194 i 79-470 79-743 80-014 80-2a3 !■ 80-550 I 80-815 81*078 81-339 81-598 •■>67 

26 I 81-865 i 82-110 82-363 82-6U 82*863 .. 83*110 83-355 8:J-5!*8 S3-839 84-079 *217 

27 I 84-317 j 84-553 84-787 85-0-20 85*251 85*481 85-709 85-935 86160 86*382 -230 

28 j 1 86-604 I 86-824 87-042 87-259 87-474 !' 87*688 87-900 88111 88*320 88-528 *214 

29 ! 88-734 ; 88*939 89-143 89-345 «9-546 89-745 89-943 90 140 90-:535 90-5-i9 lOS* 
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7-3140 

7-3.345 

7-:;,549 

•02*Ki 

7-45».56 

7-5155 

7 -5:15:5 

7-5t550 

•011*5* 

7-6912 

7-7104 

7-725*5 

7 -7486 

•015*3 

7-Sn**5 

7-85*91 

7-5*176 

7-5*,3*:o 

•0187 

8-**6:52 

S**812 

8-0990 

8-1168 

, •(UNO 

8-2:599 

8-2.57,3 

8-2746 

8-2!>]8 

; -0174 

8-4109 

8-.I-277 

8-444.5 

K-4*'.ll 

, ■**1*55* 

8’57*54 

8-55*2 7 

8-60S9 

8-*;2,5(l 

■(*163 

8-7:5157 

8-7.52,5 

8-768-2 ' 

8-T8;;s 

•01.58 

8-85*-2(* 

s-5*<t7:! 

8-5*2‘»5 ! 

: S'*:;;*; 

•0163 

9-(*4-25 i 

5*-{*,573 

5*‘O720 1 

9-0867 

•0149 

91884 

5>'2027 

9-2170 

9-23I2 

-0144 

9-325*s 

5>:54:57 

‘••,3,57.5 1 

!*-;s7l;5 

•(*140 

9-467** 

5*4805 

5*-4:*;i9 j 

l*-.507:5 

•oiac 

9-i;ooi 

9-61.32 

5*-6262 ' 

5*-15.35*2 

■(*1:52 

5*-7-29I 

97418 

!♦ 7.544 ' 

5*- 767** 

: -01 -27 

9-8540 ' 

5*-86*;2 

9-8783 ! 

1 

9-85*04 

j -0123 

9-9727 

•*-5*841 

5»-5*!*.54 ' 

•00066 

•0115 

0-0*. 2fi 

0 **5*-2:! 

*•1025 ' 

(*•1126 

. *>1*15 

0]*%04 

0 185*7 

(ij:«8K ! 

(♦•2* *7 5* 

i •*H*94 

0-265*4 

<*■278** 

0-2864 i 

0-2'*48 

. -0086 

l*:j5-2*i 

0.-;.55*5* 

*i::*-.7K 

0 ::7.57 

1 (HlH** 

0425*5 

04.37** 

0 4445 , 

**45 It* 

fMi76 

0-.51*:]0 ' 

05101 

0-.5I72 

0.5243 

• -0072 

0-.5731 

0'.58(K) 

(*•5868 

*1 .5?i:i6 

•(HMllf 

0-6405 

o*;47J 

0-*».537 

i 

(KHiii;* 

•(H*<3; 

0-7056 : 

1*7120 

0-7184 

(* 7248 

> (MHU 

f*-7f:8K ' 

(*77.5** 

**7h12 

0 7x74 

' -OtlK-i 

0-8303 : 

(*s;i64 

(*84-24 

0-8484 1 

j (MMIJ 

0-85*1*6 ; 

0-85*65 

(*-••024 ' 

05*0x3 i 

■(816O 

0-5*45*0 

(*•1.548 

0-5**;ii.5 

(*5**;*;;; ^ 

-0«i6H 

1-0(859 

1-011.5 

1 0171 

1-0227 j 

-(*056 

1-0614 ■ 

1-0669 1 

1*»723 ! 

1-0778 1 

■<K*6ft 

J 1154 

M208 

1 1261 

1 1.514 1 

-0054 

M6H2 , 

1 

1-I7:{4 : 

] 1786 ! 

1 

1-1838 

•005-2 

1 -211*6 1 

1 2247 j 

1-2298 1 

1-2348 

•0051 

]'2i:9K 1 

1-2748 ' 

1-2797 j 

1 2847 

(HWt 

1’3188 1 

1-3237 ; 

i sm i 

1 SIKU 1 

0049 



A General Table of Values of --s for Ogival-headed Shot, 169 


V 

!! 0 

1 

2 

3 

4 

! ^ 

6 

7 

8 


Diff. 

f.H. 


feet. 

feet. 

feet. 

1 feet. 

i feet. 

feet 

feet 

feet. 

feet. ' 


«7 

;; 3 ;;544*8 

3569-8 

3504-8 

3619-8 

3644.7 

3669-5 

3604-3 

3719*1 

3743-9 

3768*6 

24-8 

fiH 

I' 3703-3 

3K18-0 

3842-6 

3867-2 

' 3891-7 

3016-2 

3940-7 

3965-2 

3089-6 

40140 

24-5 

(iy 

I 403K-4 

4062-7 

4087-0 

4111-3 

I 4135-6 

. 4159-8 

4184-0 

4208-1 

4*232-2 

42.56-3 

24-2 

70 

3 42H0-4 

4304-5 

4328-5 

4352-4 

! 4376-4 

4400-3 

4424-1 

4448-0 

4471-8 

4405-5 

23-9 

7J 

4510-3 

454:; -0 

4566-6 

4500-2 

4613-8 

4(217-4 

4660-0 

4684-4 

4707-8 

4731-3 

23-5 

72 

4754-7 

4777-9 

4801-3 

4824-6 

j 4847-9 

487M 

4894-2 

4917-4 

4940-5 

> 4963-6 

23-2 

7H 

3 40KG-r> 

5000-6 

5f>32-6 

5055-5 

1 5078-4 

5101-3 

.5124-1 

5146-9 

5169-6 

.5192-4 

22-8 

74 

5215-1 

52:i7-7 

5-2»;o-;i 

6-282-9 

! 5305-5 

.5328-0 

63.'iO-5 

537:1-0 

5 : 105-4 

6417-8 

22*5 

75 

5440-2 

54<;2-5 

5484-8 

5507-1 

j 6620-3 

5551-5 

5573-7 

5595-8 

.5617-9 

5640-0 

22-2 

Hi 

3 66/12-1 

5684-1 

5706-0 

5728-0 

6740-9 

5771-7 

5703-5 

5815-3 

58.37*0 

5858-7 

21-8 

77 

5KS0-4 

59(»2-f» 

5923-6 

5045-1 

5966-6 

59.88-1 

6(i09-.5 

6030-9 

6052-2 

6073-6 

21 -6 

78 

(i004-8 

6116-1 

6137-3 

6158-4 

6170-6 

6200-7 

6-221 -7 

6242-7 

6263-7 

6284-6 j 

2W 

70 

3 fi3/»5-5 

6326-4 

6.347-2 

6368 -0 

6.388-8 

6400-5 

64.30-2 

6450-8 

6471-4 

6-102-0 

20-7 

80 

! 6512-6 

6533-1 

6553-/; 

6574-0 

6.594-4 

6614-8 

6635-1 

66 . 55-4 

667 . 5-7 

6695-9 

20-4 

81 

6716-1 

6736-3 

6756-4 

6776-5 

6796-5 

6816-5 

6836-5 

6856-4 

6876-3 

6806-1 

20-0 

82 

3 6016-0 

6035-7 

6055-5 

6075-1 

6004-8 

7014-4 

7033-9 

7053-4 

7072-0 

7002*3 

19-6 

8:^ 

i 7111-7 

7J31-0 

7150-3 

7160-6 

718.8-8 

7-207-9 

7-2-27-1 

7-246-1 

7-265-‘2 

7-284-1 

191 

84 

7303-1 

7322-0 

7340-8 

7350-6 

7378-4 

7307-1 

7415-8 

74 . 34-4 

745:j-0 

7471-5 

18-7 

85 

S 7400-0 

7508-5 

7526-0 

7545-3 

7.56.3-6 

7581-8 

7600-0 

7618-2 

76.36-3 

76.54-4 

lR-2 

8fi 

7672-4 

7600-5 

7708-4 

77-26-4 

77442 

7762-0 

7779-0 

7797-6 

7M.V4 

7833-0 * 

17-8 

87 

1 7850-6 

7868-2 

7885-8 

7903-3 

7020-8 

7038-2 

7955-6 

7973-0 

7000-3 

8007*6 

17-4 

«S 

3 8024-8 

8042-0 

8050-2 

8076-3 

8003-4 

8110-4 

8127-4 

8144-4 

8161-3 

8178*2 

17-0 

«y 

81050 

8*211-0 

S228-6 

8-245-4 

8262-1 

8278-7 

8205-4 

83120 

83-28-5 

8;546-() 

16-6 

90 

, 8361-5 

8377-0 

8304-3 

8410-7 

8427-0 

8443-3 

8459-6 

8475-8 

8402*0 

8508-2 

16-3 

91 

3 85-24-3 

S540-4 

8556-4 

8572-4 

8588-4 

8604-3 

86*20-3 

8636-1 

86.52-n 

8667-8 ' 

15-9 

92 

8<iS3-5 

8609-3 

8715-0 

8730-7 

8746.3 

8761-9 

8777-5 

8793-0 

S808-5 

SX-24-0 

1.V6 

9U 

8830-4 

8854-8 

8870-2 

8885-5 

8900-8 

8016-1 

8931-3 

8946-5 

8061*7 

8076-8 

153 

94 

! 3 8001 -0 

00f)7 0 

00*22-0 

0037-0 

9052-9 

0066-9 

9081-9 

9096-7 

9111-6 

: 91-26-4 

15-0 

95 

0141-2 

015<;-0 

0170-7 

9185-4 

i»2iM)l 

9214 7 

9*229-3 

9243-9 1 

0*2.58-4 

927 2-9 

14 6 

9G 

1 0->87-4 

0301-0 

9316-3 

9330-7 

9345-0 

9859-4 

0373-7 

9387-9 1 

9402-2 

: 9416-4 

14 3 

97 

1 3 0430-6 

0444-7 

9458-9 

9473-0 

9487-0 

. 9501-1 

O.’JlS-l 

9529-1 1 

9543-0 

• 9557-0 

14-0 

9H 1 

0570-8 

0584-7 

0508-6 

9612-4 

962(>'l 

96:19-9 

9653-6 

9667-3 ' 

9681-0 

9604-6 . 

l:j-7 

9y 

1 0708-3 

0721-9 

9735-4 

0749-0 

9762-5 

9775-9 

9789*4 

9802-8 ! 

981 6-2 

1 

■ 98-29-6 

j 

13-5 

ion 

I 3 0S42-9 

0856-3 

9860-6 

088*2-9 

0806-1 

0909-3 

9922-5 

9935-7 ! 

9948-S i 

' 9961-9 : 

13-2 

101 

0075-0 

oossi 

'■OOOl-l 

♦0014-1 

•0027-1 

♦ 0040-0 

•0((520 

•00(;5-8 

•0078-7 

*W>0l-5 

12-9 

102 

1 4 0104-3 

0117-1 

0129-8 

0142-5 

0156-2 

0167-8 

0180-4 

019*2*9 1 

(►205-4 j 

0217-8 .j 

12-6 

ion 

, 4 0230-1 

0242-4 

0254-(5 

026(;-8 

0-27S-S 

0-2»W-8 

0302-7 

0314-5 ; 

0:1*26-2 i 

0 : 137 -8 

119 

101 

i 0340-4 

0360.8 

0372-2 

038,3-4 

O304-.5 

W(»5-6 

0416-5 

(»4*27*3 

04:is-l : 

0448-7 ^ 

11-0 

105 

1 0450-2 

0460-6 1 

0470-0 

0400-0 

050(»-l 

0510-1 

05-20-0 

05*29*8 j 

0530*5 

j 0549 -2 i 

9-0 

km; ' 

1 4 0558-7 

056S-2 

0577-6 

05S6-9 

0596-2 

0605-4 

0614-5 

06*23-6 

0632-6 

(M*.41-6 

9-2 

107 

1 0650-5 

0650-3 I 

(k;681 

0676-9 

06S5-6 

. 0(;94-i 

0702-8 

0711-4 ; 

0719-9 

07-2S-4 

8-6 

los 

i 0736-8 i 

0745 2 

0753-6 

0761-0 

0770-2 

0778-4 

0786-6 

0794-8 ; 

080*2-9 

0811-0 * 

8-2 

Kty 

! 4 <»«10-0 1 

0827 -1 

0S:J50 

084;V0 

08509 

0858-9 

0866-7 

0874-6 i 

088*2*4 

* tVS9(V2 

7-9 

110 

1 0807 •!! . 

(i0<l5-7 

0013-4 

0921-1 

09-28-7 

09:164 

0944-0 

0951-5 ; 

0959-1 

i 09t;6-6 

7-6 

111 

; (»074-2 j 

0081-6 

0080-1 

0996-6 

1004-0 

1011-4 

1018-8 

10*26-2 i 

1033-5 

' 1040-9 

1 

7-4 

112 

i 4 1048-2 ! 

Kt55 5 

1(m;2-n 

107«)-0 

1077-3 

i 10S45 

1091-7 

1099-0 ' 

11061 

! 1113-3 ' 

7*2 

IIM 

i 11 -.>0 5 

11 -27 -6 

Ii:i4-S 

1141-9 

1149-0 

1156 1 

1I6.1-2 

1170-2 

117:-3 i 

1184 4 1 

7-1 

114 

11014 j 

1108-4 

1205-4 

1212-4 ! 

! 1219-4 

12*2t;-4 

1*233-3 

1*240-3 

1*247 *2 : 

1254 1 , 

6-9 

115 

4 1261-0 ; 

1267 9 

1274-8 

1281 7 

' 12SS-6 

, 1295-4 

130*2-3 

1309-1 

1315-9 1 

' 1322-7 

6-S 

110 

13-20-5 i 

133r.-3 

1343-1 

1 1349-8 

. 13.V;-6 

136:VS 

1370-0 

1376-7 

l;i83-4 

i:.5l*01 ; 

6-7 

117 

! 1306-8 j 

1403-5 

1410-1 

j 1416-8 . 

1 1423-4 

14:100 

1436-6 

1443**2 

1449-8 j 

1456 4 > 

6-6 

UK 

i 4 1462 0 i 

1469-5 

1476-0 

1482-6 

1 14891 

■ 1495-G 

1502-1 

1508-6 

1515 1 

1521-6 1 

6-5 

119 

1528 ! 

1534-4 

1540-9 

! 1547-3 i 

1 i.wn-r 

! 15(KV1 

1566-5 

157*2-9 

1579 2 

1585-6 • 

6-4 

170 

1 1591 -0 j 

1598*3 

1604-6 

1610-9 1 

j 1617-J 

lO’iS-S 

16*29-8 

1636-1 

1642 3 

1648-6 . 

6 -S 

121 

4 1654-8 ! 

I66M 

1667-3 

1673-5 1 

1 1679-7 

1685-9 

1692-1 

1698-2 

17(M-4 1 

1710-6 1 

6-2 

122 

J7I6-7 

1722-8 

1728-9 

N350 

I74I1 

1747-2 

1753*3 

1759-4 

J 765-4 

1771-6 ! 

61 

128 

1777-5 1 

1783'6 

1789*6 

1796-6 1 

1 1801-ti 

’ 1807 - f * 

1813*6 ' 

1819-6 

1825 6 1 

1831-5 , 

6-0 




160 General Table of Values of for Ogival-headed Shot. 


V 

II 0 

1 

2 

3 

4 

1 

6 

7 

8 

9 

Diff. 

f.B. 

secs. 

secs. 

secs. 

secs. 

seca 

! secs. 

secs. 

secs. 

sees. 

secs. 

+ 

124 

23 1-3381 

1-3429 

1-3477 

1-3524 

1-3572 

1 1-3619 

1-3667 

1-3714 

1-:I76] 

l-:>«08 

•0047 

125 

1-3855 

l-39()2 

1-3948 

1-3996 

1-4041 

I 1-4088 

1-4134 

1-41S0 

1-42*26 

1-4272 

•0046 

126 

1-4318 

1-4364 

1-4410 

1.4455 

1-4501 

1 1-4546 

1-4.591 

1-4636 

J-4681 

1-4726 

'0045 

127 

23 1-4771 

1-4816 

1-4860 

1-4905 

1-4949 

: 1-4993 

1-5038 

1-50S2 

1-5126 

1-,5170 

•0044 

126 

1-5214 

1-5257 

1-5301 

1-0345 

1-5388 

1-5431 

1'.5475 

1*5518 

1-5.561 

1-6604 

•004:; 

129 

1-5647 

1-5690 

1-5732 

1-5775 

1-5818 

1-5860 

1-5902 

1-5945 

1-5987 

1-6029 

-004-2 

130 

23 1-6071 

1-6113 

1-6155 

1-6196 

1-6238 

1-62S0 

1-6321 

1-636-2 

1-6404 

1-6445 

•0042 

131 

1-6486 

1-65-27 

1-6568 

1-6609 

1-6650 

1-6690 

1-6731 

1-6772 

1-6S12 

1-6S52 

•0041 

132 

1-6893 

1-6933 

1-6973 

1-7013 

1-7053 

1-7093 

1713.3 

1-7173 

1-7-212 

1-7252 

•0040 

133 

23 1-7291 

1-7831 

1-7370 

1-7410 

1-7449 

1-7488 

1-75-27 

17566 

1-7605 

1-7644 

•0039 

134 

1-76S2 

1-7721 

1-7760 

1-7798 

1-7837 

; 1-7875 

1-7913 

1 79.5-2 

1-7990 

1-8028 

•oo;w 

135 

1-8066 

1-S104 

1-8142 

1-8179 

1-8217 

J 1-8255 

1-8292 

1-8330 

l-8;i67 

1-S405 

•0038 

186 

23 1-8442 

1-8479 

1-8517 

1-8554 

1-8591 

‘ 1-8628 

1-8665 

1-S702 

1-8738 

1-8775 

•0037 

137 

1-8812 

1-8848 

1-8885 

1-8921 

1-89.58 

l-«»94 

1-90.30 

1-9067 

1-910:; 

1-9139 

•oo3f; 

138 

1-9175 

1-9211 

1-9247 

1-9282 

1-9318 

1-9:154 

1-9390 

1-9425 

1-!»461 

1-94% 

•0036 

139 

23 1-9532 

1-9567 

1-9602 

1-9688 

1-9673 

1-9708 

1-9743 

1-9778 

1-9813 

1-9848 

•003.5 

140 ! 

1-9883 

1-9918 

1-9952 

1-99S7 

2-0022 

2-0O.56 

2-0(»91 

•2-0125 ( 2-0160 

2-0194 

•003.5 

141 ; 

2-0228 

2-0263 

2-0297 

2-03.31 

2-0365 

2-0399 

2-043:; 

2-0467 

2-0,501 

2-(;535 

*0034 

142 1 

23 2-0569 

2-0602 

2-0636 

2-0670 

2-070.3 

2-0737 

2-0770 

2-0804 

2-OS37 

2-0870 

•0034 

143 

2-09O4 

2-0937 

2-0970 

21003 

2-1036 

21069 

2-1102 

‘21135 

•2-I16S 

21*201 

•00:i:; 

144 

21234 

2-1267 

2-1299 

213.32 

2-1364 

2-i:i97 

2-1430 

2-1462 

2-J494 

2*1 5-27 

•003:; 

145 

23 2-1559 

2-1591 

2-1624 

2-16.56 

2-1688 

2-1720 

2-1 7.5-2 

2-1784 

2-1816 

•2*1848 

•0032 

146 

'2-1880 

2-1912 

21944 

2-1975 

2-2fK>7 

2-203{» 

2-2071 


2-2134 

2*2165 

•oo:;2 

147 

2-2197 

2-2228 ; 

2-2260 

2-2291 

2-2322 

2-2354 

2-2385 

2-2416 

2-2447 

2-2478 

*0031 

148 ' 

23 2-2509 

2-2540 : 

2-2571 

2-2602 

2-26.33 

2-2664 

2-2695 

2-2726 

2*2757 

2*2787 

•0031 

149 

2-2818 

2-2849 ' 

2-2879 

2-2910 

2-2940 

2-2971 

2-3^101 

2 -.‘5032 

2-;!i>62 

2:!093 

•(K);io 

150 

2-3123 

2-3153 I 

2-3183 

2-8214 

2-3244 

2-3274 

2-3304 

2-:{3:{4 

2-;i;)64 

2*3;S!»4 

•()o;;o 

151 

23 2-3424 

2-3454 

2-3484 

2-35H 

2-354-3 ! 

2-8578 

2-36t).3 

2-36;;.3 

2-3662 

2-3692 

*0031 ; 

152 ! 

2-3722 

2-3751 

2-3781 

2-3810 

2-3840 1 

2-3869 

2-3899 

2-:;9-2H 

2-3958 

> 2-;{987 

*0f)29 

153 ,1 

2-4016 

2-4046 

2'4U75 

2-4104 

2 4133 ; 

2-4162 

2-4192 

24221 

2-42.50 

•21279 

•0029 

154 

23 2-4308 

j 

2-4337 : 

2-4366 

2-4395 

2-4424 i 

2-445.3 

2-4481 

‘2-4510 

2-45:{9 

2-1568 1 

1 -fM!*.*!; 

155 il 

2-4597 

2-4625 , 

2-4f;54 

2-4/J83 

2-4711 ; 

2-4740 

2-4768 

2-47!»7 

2-48-25 

2-18.54 

! *0029 

156 j| 

2-4882 

2-4911 ; 

2-4939 

2-49(;7 

2-49tK; • 

2-50-24 

2-505-2 

2-60-<0 1 

2-51HS 

-2-5137 

t 'OO’jn 

157 

23 2-5165 

2-5193 ' 

2-5221 

2-5249 

2-5277 ' 

2-5.305 

2-5333 

2-5361 

2-53 «9 

2-5416 


158 , 

2-5444 

2 5472 

2-5500 

2-6528 

2-5.5.55 

2-5.583 

2-5611 

2-.563S 

2*.5666 

2-5«;93 

•(Mr2« 

159 ' 

2-5721 

2-5748 

2-5776 

2-5803 

2-5831 ; 

2-5858 

25885 

25913 

-2-594(i 

2-5967 

•0027 

160 ; 

23 2-5994 

2-6022 

2-6049 

2-6076 

2-6103 ! 

2-6130 

2-6157 

2-6184 

2-6211 

2-6238 

J -0027 

161 

2-6265 

2-6292 

2-6319 

2-6346 

2-6373 ; 

2-6400 

2-6126 

2-6453 

2-64M(l 

2-6.506 

■OirJT 

162 ■ 

2-6533 

2-6560 ! 

2-6586 

2-6613 

2-6640 1 

2-6666 

2-6693 

2-6719 

2-6745 

2-6772 

*0026 

163 ' 

23 2-6798 

2-6825 , 

2-6851 

2-6877 

2-6903 ! 

2-6930 

2-6966 

2-69H2 

2-7008 

2 7034 

•<J026 

164 

2-7(MU 

2-7087 ; 

2-7113 

2-7139 

2-7165 : 

2-7191 

2 7217 

2-7243 

2-7268 

2 7294 

I *(t026 

165 

2-7320 

2-7346 

2-7372 

2-7398 

2-7423 1 

27449 

2-7475 

2-7500 

2-7526 

2-7552 

•0026 

166 

23 2-7577 

2-7603 

2-76-28 

2-76.54 

2-7679 ii 

2-7705 

2-77,30 

2-7766 

2-7781 

2-7K(W 

*0(r25 

167 : 

2-7832 

2-7857 

2-7882 

2-7fl08 

2-79.33 ■ 

27958 

27983 

2-H(K»8 

2-8034 

2-80,59 

•<Kr25 

166 

2-8084 

2-81(»9 

2-8134 

2-8159 

2-8184 . 

2-8209 

2-8234 

2-8258 

2-828;; 

2-8308 

*0025 

169 I 

23 2-8333 

2-8368 

2-8383 

2-8407 

2-8432 ; 

2-8457 

2-8481 

2-8606 

2-8531 

2-8555 

•0025 

170 1 

2-8580 

2-8604 

2-8629 

2-8653 

2-8678 1 

2-8702 

2-8726 

2-8761 

2*877 5 

2-8799 

*(8^24 

171 j 

2-8824 

2-8848 

2-8872 

2-8896 

2-8921 ' 

2-8945 

2-8969 

2-8!;93 

2-18JI7 

2-9041 

•0021 

172 I 

23 2-9065 

2-9089 

2-9113 

2-9137 

2-9161 ' 

2-9185 

2-9209 

2-9238 

2-92.57 

2-92H1 

•OTKlt 

173 

2-9;^04 

2-9328 

2-9352 

2-9376 

2-9399 :: 

2-9423 

2-9447 

2-9470 

2-9494 

2 9518 

•(i024 

174 

2-9541 

2-9565 

2-9588 

2-9612 

2-9635 ! 

2-9659 

2-9682 

2-9706 

2-!»7-29 

2-9752 

•0023 

175 

23 2-9776 

2-9799 

2-9822 

2-9845 

2-9869 1 

2-9892 

2-9915 

2-9988 

2-9961 

2-9985 ' 

‘0023 

176 

3-0<K)8 

3-0031 

3-0054 

8-0077 

3-0100 

a-0123 

3-0146 

3-0169 

3-0192 

:;-0215 

■0023 

177 

3-0237 

3-0260 

3-0283 

3-0306 

8-0329 1 

3-0851 

3-0374 

3-0397 

3-04-20 

3-0442 , 

•0028 

178 

23 3-0465 

8-0488 

3-0510 

3-0533 

8-0555 I 

8-0578 

3-0600 

3-0623 

3*0645 

8-0608 I 

*0023 

179 

8-0690 

8-0713 

8-0735 

8-0757 

8-0780 1 

3-0802 

; 8-0824 

8-0847 

3-0869 

3039] i 

’(Kl22 

180 

8-0913 

8-0935 

8-0958 

8-0980 

3 -1002 <1 

8-1024 

3-1045 

3-1068 

3-1090 

8 1112 i 

*0022 
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V 

0 

1 

2 

3 1 

4 

5 

6 

7 

8 1 

9 ! 

Difl. 

f.B. 


foet. 

font. 

foot. 1 

foot. 

font. 

font. 

feet. 

feet. ! 

feet. 1 


124 

4 1837-5 

1843-4 

1849-4 

185.5-3 1 

1801.2 

1807-1 

187.3-0 

1878-9 

1884-8 ■ 

1890-0 

5-9 

I2ri 

1890-5 

1902-3 

J 908-2 

1914-0 : 

1919-8 

1925-0 

1931-5 

1937-3 

194.3-0 

1 948-8 i 

5-8 

120 

1954-0 

1900-4 

1900-1 

1971-9 1 

1977-0 

198;]-3 

1989-0 

1994-8 

2000-5 . 

200<;-2 ; 

5-7 

127 

4 2011-8 

2017-5 

2023-2 

2028-9 i 

2034-5 

2040-2 

2045-8 

2051-4 

20.57-0 i 

2002-7 , 

5-6 

128 

20riS-3 

2073-9 

2079-5 

2085-0 ! 

2090-0 

20!»0-2 

2101-8 1 

2107-.3 

2112-9 

2118-4 

5-6 

129 

2123-9 

2129-4 

2135-0 

2140-5 j 

2140-0 

2151-5 

2157-0 j 

210-J-4 

2107-9 

217.3-4 

5*5 

130 

4 2178-8 

21 8-1 -3 

2189-7 

2195-1 

2200-6 

2200-0 

2211-4 i 

2210-8 

2222*2 ; 

2227-6 ' 

6-4 

131 

223:{-0 

2-238-4 

-2243-7 

2-249-1 ' 

2254-5 

2259-8 

2205-1 i 

2270-5 

2275-8 

2281-1 

5-3 

132 

22K(;-4 

2-291-8 

‘2297-1 

•2302-4 1 

2307*6 

2312-9 

2318-2 

23-23-5 

2328-7 ! 

22134-0 ; 

5-3 

133 

4 233‘>-2 

2344-5 

-2349-7 

2355-0 j 

2300-2 

2305-4 

2370-0 

2375-8 

2.381-0 ! 

2380-2 

6-2 

134 

23!»l-4 

2390-0 

•2401-8 

2400-9 1 

2412-1 

2417-3 I 

2422-4 

24-270 

2432-7 

2437-8 , 

6-2 

13ri 

2443-0 

2448-1 

•2453-2 

245S-3 1 

•2403-4 

2408-5 ' 

2473-0 

2478-7 

24821-8 

2488-9 ■ 

5-1 

130 

4 2493-9 

2199-0 

2504-1 

2509-1 

2514-2 

2519-2 j 

2524-3 

2529-3 

25214-3 

2539-4 ! 

6-0 

137 

2544-4 

2549-4 

•2554-4 

-25.59-4 I 

25(;4-l 

2509-4 I 

2-574-4 

2579-4 

‘J.5S4-3 

2.5S9-,3 

5-0 

138 

2594-3 

2599-2 

2004-2 

2009-1 

2014-1 

2019-(» 

20-24-0 

202S-9 

2033-8 

2038-8 

4-9 

139 

4 2043-7 

2048-0 

20.53-5 

2058-4 

2003-3 

2008-2 i 

2073-1 

2078-0 

208-2-9 ; 

2087-8 ! 

4-9 

140 

209-J-(! 

2097-5 

2702-4 

2707-2 

2712-1 

2717-0 

2721-8 

2720-7 

2731-5 

27210-3 

4-9 

141 

2741-2 

2710-0 

•2750-8 

2755-7 

2760-5 

2705-3 

27701 

2774-9 

2779-7 

2781-5 , 

4-8 

142 

4 2789-3 

2794-1 

2798-9 

2803-7 

2808-5 

2813-2 

2818-0 

28-2-2-8 

28-27-5 

2832-3 

4-8 

143 

2837-1 

284 1-S 

•2840-6 

-2851-3 

‘2S50-0 

2s<;o-.8 

2K05'5 

2870-2 

2875-0 

2879-7 

4-7 

144 

28S4-4 

2889- 1 

2893-8 

•289S-G 

2903-3 

2908-0 

2ia2-7 

2917-4 


2926-7 

4-7 

145 

4 2931-4 

2930-1 

-2940-8 

2945-5 

29.50-1 


2959-5 

2904 1 

2908-8 

29721-5 . 

4-7 

140 

297S-1 

i;98-2'S 

2987 -4 

-299-2-1 

2990-7 

3001-3 

3(HK>*() 

.3010-0 

301.5-2 

3019-9 

4-6 

147 

3024-5 

8029-1 

3033-7 

3038-4 

3043-0 

3O47-0 

305-2--2 

3050.-S 


3U0U-0 

4-6 

148 

4 3070-6 

3075-2 

3079-8 

3084-4 

3(W9-n 

3093-5 

:UHI8-1 

31f»-2-7 

3107-3 

3111-8 

4-6 

149 

3110-4 

31-21-0 

1-25-0 

3130-1 

31.34-7 

3139-2 

314.3*8 

3148-3 

31.5-2-9 

31.57-4 

4-6 

IfiO 

31020 

3100-5 

3171-0 

3175-0 

3180-1 

31S4-0 

3189-2 

31U3-7 

3198-2 

3-20-2-7 

4-5 

151 

4 3207-2 

3-21 1-S 

3-210-3 

3-220-8 

3-2-25-;l 

3-229-.8 ' 

’ 3234-3 

3238-8 

' 3-24:{-3 

3-247-8 

4-6 

152 

3252-3 ! 

3-25(58 

3-201-3 

3-2t;5-8 

3-270-3 

3-274-8 

3-27t>-3 1 

3-283-S 

' 328‘<-3 j 

3292-8 

4-5 

153 

3-J97-2 j 

3301-7 

3:KK!-2 

3310-0 

331.5-1 

3319-0 1 

1 3324-1 

1 

33-28-5 

' 3333-0 
! 

3337-5 

4-5 

154 

4 3342-0 i 

[ 3340-4 

3350-9 

33.55-3 

S359-8 

3.304-3 

j 3308-7 

*373-2 

; 3377-0 

3382-1 

4-5 

155 

33St!-5 ; 

:539l-0 

:!395-4 

3399-9 

3404-3 

340S-7 

1 3413-2 

3417-0 

; 34-22-0 

3426-5 

4-4 

150 

343U-9 

1 34-35-3 

, 3439-8 

3444-2 

3448-0 

3453-0 

3457-4 

3401-9 

j 3400*3 

3470-7 , 

4-4 

157 

4 3475-1 

' 3479-5 

34vS3-i» 

348S-3 

341»2-7 

3497-1 

3501-5 

3505-9 

215l((-3 

3514-7 

4-4 

15S 

351 9-1 

: 35-23-5 

35-27-9 

353-2-3 

3530-7 

3541-1 

3545-4 

3549-8 

3.554-2 

3.558-0 

4-4 

159 

35(;::-o 

1 3507 -5{ 

3571-7 

3570-1 

3580-4 

3584*8 

3589-1 

3593-5 

3-597-9 

3602-2 

4-4 

100 

4 3000-(; 

1 3010-9 

3615-3 

3019-0 

30-24-0 

3028-3 

3032-0 

30:->7-0 

’ 3641-3 

364,5-7 ‘ 

4-3 

101 

3050-0 

1 3051-3 

3058-7 

3003-0 

30(;7-3 

3071-0 

3070-0 

3080-3 

30S4-0 

; 3688-9 

. 4-3 

102 

3093-3 

1 3097-0 

3701-9 

3700-1 

3710-5 

3714-8 

3719-1 

;i7-23-4 

37-27-7 

1 

1 3732-0 

4-3 

103 

4 3730-3 

: 3740-0 

3744-9 

3749-2 

3753-5 

' 3757-8 

3762-1 

3706-4 

' 3770-0 

i 3774-9 

4-3 

IW 

3779-2 

37S3-5 

3787-8 

3792-0 

3790*-3 

38lM)-<; 

38(V*-9 

3809-1 

3813-4 

1 3817-0 

4-3 

105 

3821-9 

i ;JS2t5-2 

3S;;o-4 

;W34-7 

3838-9 

3S4:i-2 

38 47-4 

3851-7 

j 3855-9 

3860-2 

4*3 

lOG 

4 3801-4 

j 3S08-7 

387-2-9 

3S77-2 

JI8S1-4 

3885-0 

3889-9 

3894-1 

! 3898-3 

1 3902-5 ' 

4-2 

107 

3900-8 

; 3911-0 

3915-2 

3919-5 

3i»-23-7 

3927-9 

3932-1 

! 39:»0-3 

: 21940-5 

3944-7 

42 

108 

3949-0 

3953-2 

3957-4 

3901-0 

39l’.5-8 

3970-0 

3974-2 

397S-4 

j 3982-0 

398tl-7 

4-2 

109 

4 3990-9 

3995-1 

3999-3 

4(»03-5 

4007-7 

4011-9 

4010-0 

40-20-2 

1 4024-4 

4028-6 ! 

4-2 

170 

4032-7 

4O30-J1 

4041-1 

4045-2 

4049-4 

4053-0 

4057-7 

40t;i-9 

4000-0 

4070-2 ; 

4-2 

171 

4074-3 

4078-5 

4082-0 

4080-8 

, 4090-1* 

4095-1 

4\n»9-2 

4103-3 

; 4107-5 

4111-6 

;; 

172 

4 4115-7 

4119-9 

4124-0 

41-281 

' 4132-8 

: 4136-4 

4140-5 

4144-0 

4148-7 

4152-9 

1 4-1 

173 

4157-0 

4101-1 

4105-2 

4109-3 

4173-4 

' 4177 5 

4181-0 

4185-7 

4189-8 

4193-9 

: 4-1 

174 

4198-0 

42021 

4-200-2 

4-210-3 

4214-4 

j 4-218-6 

42-220 

42-26-7 

1 4230-8 

4234 8 

ji « 

175 

4 4238-9 

4243-0 

4247-1 

4251-2 

4-255-3 

• 4259 3 

4203-4 

4207-6 

4-271-5 

4275-6 

;■ 4-1 

176 

4279-0 

4-283-7 

4-287-H 

421H-8 

4295-9 

43W-0 

4304-0 

4308*0 

: 4312-1 

4316-1 

'! 4-1 

177 

4;520-2 

4324-2 

4328*3 

433-2-3 

4336-4 

I 4340*4 

4344-4 

4348-6 

1 4352-5 

4356-5 

: 4-0 

178 

4 4300-5 

4304-0 

4308-0 

4872-0 

4376-6 

! 4380-7 

4384-7 

4.388-7 

1 4392-7 

4396-7 

4-0 

179 

4400-7 

4404-7 

4408-8 

4412-8 

4410-8 

I 44*20-8 

4424-8 

4428-8 

! 4432-8 

4436-8 

4-0 

180 

4440-8 

4444-7 

4448-7 

4452-7 

4456-7 

4460-7 

4464-7 

4468-7 

! 4472-6 

4476-6 

4-0 


M 



162 Ckneral Table of Yaluee of for Oghal-headed Shot. 

V I 0 1 2 I S I 4 I 6 6 l_! 8 I 9 ■ 

f.s. secs. secs. secs. I secs. I secs. 1 sees. secs. , secs. sees. ! secs. + 

181 23 3-1134 8-llo6 3-117S i 3-]2(K) 3-1222 3-1244 3-I2<!fi 3-J2S7 , •(M>22 

182 3-1353 3-1375 / 3-131*6 , 3-1418 3-1440 3-1461 3-1483 31505 > 3-152<; ;J ]54K , 'OO-J-i 

183 3-156.9 I 3-1501 | 3-1613 j 3-1634 | 3-1656 j 3-1677 3-1608 31720 , 31741 j 31763 Ij -(K*21 

184 23 31784 I 31805 I 31827 ' 3-1848 • 3-1860 ! 31801 31012 3-1033 ! 3-1051 I 3 1075 ! -(*021 

385 31007 3-2<»J.S j 3-2(l:!0 . 3-2<HJ0 3*2(K8l j 3-2102 3-2123 3-2144 3-2165 ; 3-2186 i -0021 

186 3-2207 3-2228 3-2240 3-2270 , 3-22{»l 3-2312 3 2333 ;!-2353 : 3-2371 ; ;i-2306 ;i -0(*21 

i 1 ’ I ■ 

187 23 3-2416 3 2437 3 2457 3 2478 3-2490 I 3-2520 3-2540 3 *2561 3-25S2 j 3 2602 | -0021 

188 «-2623 3-2643 3-2664 ' 3-2685 .3*2705 I 32726 32746 :5--2767 3-27S7 3-2S(*S ! •(M»21 

180 3-2828 3-2848 3-2860 i 3-2880 ; 3-2009 I 3*2030 3-2050 3 2070 3-2001 ^ 3-3011 ! -(*(*20 

l! I ^ ■ 


190 

! 2.-! r.-:{n3i ! 3-3051 

1 3-3072 : 3-309-2 3-3112 

3-3132 ' 

3-3152 

3-;5172 

3-:;i‘t2 

i 8 3212 

' -0020 

191 

3-3-i33 3-3-253 

3-3273 1 3-329.3 3-3313 


3-3353 

.•{•3:;72 

:;-.-{;;!*-2 

3-.{4]2 

1 ‘0020 

192 

3-3432 3-345 J 

3-3472 i 3-ii492 i 3-3511 ! 

! 1 

3*3531 

3-3551 

3-3571 

3-; 1590 

3-3610 

j -(*0-20 

193 

•23 3-3630 3-3649 

3-3669 i 3-3689 * 3*3708 -1 

3-37*28 

3.-3747 

3-:i767 

3-37.86 

3-.3S06 

1 •0(»20 

104 

3-38-25 3-3845 

3-;{S64 3-3884 3-3903 M 

3-3i*22 

:;-3!*12 

3-:!‘*61 

3-:59SO 

:i-4O00 

•0019 

195 

3-4019 3-4038 

3-4(t57 1 3-4077 3-409(; j 

.‘{•4115 

3-4134 

.‘{•415:{ 

3-4172 

:i-4192 

; -IKHU 

196 

' 23 3-4211 1 3-4230 

3-4-249 ; 3-4268 ' .3-4*287 '! 

3*4-5(Mi 

3-4.3-25 

3-4344 

3-4:162 

:?-43Sl 

i -0019 

197 

3-4400 ' 3-4419 

3-443S j;-4457 3-4476 ; 

3-4494 

3-4513 

3-4532 

:{-4550 

3-4569 

-0019 

198 

3-45S8 1 3-4606 

3-4625 ; 3-4644 , 3-4<;62 j 

3-4*JSl f 

3-4<i99 

3-4 71 s 

:{-47;{6 

3-4755 

: -0019 

199 

23 3-4773 ' 3-4791 

3-4S10 ' 3-4828 • 3-4846 '* 

3-48(;5 1 

3-4.88:5 

3 4901 

:;-4920 

3 - 49 : 1.8 

■(*018 

200 

3-4956 3-4974 

3-4992 3-5010 3-50*28 i. 

:!-5047 * 

3-5t*<5.5 

3-.5(»S:{ 

:{'»5jcii 

:5-51]9 

•0(l]8 

201 

3‘5l3i 3 - 5 ] 5fj 

3-5172 i 3-5190 i 3 6208 i 

1 * 1 

3-5226 ! 

3-5-244 

3-5-262 

3-5'2,so 

3-5297 

-0018 

202 

! 23 3-5315 3-5333 

3-5351 ' 3-536.8 3-5386 ; 

1 

3.5404 ! 

3-.54-21 

3-54:!9 

:i-5456 

:i-547* 

•0018 

203 1 

1 3-5492 3-55(*9 

3-55-27 , 3-5544 3-5561 

3-5579 ! 

:{-5596 

;;-5(;i4 

:;-56:;1 , 

;{-.564S 

•*K*I7 

204 1 

3'5666 3*yC83 . 

3-57(*0 3-t5717 3*5735 .! 

1 ' Ij 

3 ‘5752 

i 

3-5769 

3'578*» 

3-5803 1 

;J-582«* 

•0017 

205 ! 

23 3-5837 3-5854 | 

3-5S71 ; 3-5.88.8 3 5905 ; 
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5006-0 
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190 
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, 5-21 8-(» 

5221 -6. 

5225*2 
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■ 5-29:1-6 
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5;178-4 
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:l-5 
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5502-5 

5505-J) 

= 5509-3 1 
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550*.>-7 
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5612-9 
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33 
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5635-9 
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5649-0 
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1 
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5745-S 
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"■•I 
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6752-2 
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5774-4 
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5780-S 
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4 5783-0 

57S7;1 
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5793-4 

5796-6 

5799-7 

5802-9 

5806-0 

580!>-1 

1 581-2-2 

.31 

218 

5815-4 

5818-5 

5821 -6 

5S24-8 

! 5827-9 

. 5831-0 

58:14-1 

58;!7*3 

5840-4 

' 5843*5 

, 3-1 

219 

5846-6 

5849-7 

5852-S 

5855-9 

5S59-0 

: 5862-1 

5865-2 

5868-3 

6871-4 

: 5874-4 

: 3-1 

220 

4 5877-5 

5880-6 

5SS:i-7 

5S86-8 

' 5889-9 

; 589:^-0 

689r.-0 

5899-1 1 

590-21 I 5905-2 

i 3-1 

221 

5808-3 

5011-3 

5014-4 

5917-4 

5920-5 

! 5923-6 

5926-6 

5929-6 

593-2-7 

5935-7 

3-0 

222 

5038-7 

5941-8 

5044-8 

5947-8 

; 5950-9 

j 5953-9 

5956-9 

5959-9 

5W>3-0 

5966-0 

i 3-0 

223 

4 5060-0 

5072-0 , 

5075-0 
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1 5981-0 

I' 5984-0 

i 5987-0 
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5993-0 

5996-0 
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224 
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: 6013-9 

6016-9 
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6028-7 

60;H-7 

(!();i4-6 

6037-6 

i 6040-5 

1 

j. 6043-5 

6046-5 

6049-4 J 

6052-4 

6055-3 

j 3-0 

226 

4 6058-:! 

6061-2 

6064-1 

6067-1 

1 6070-0 

i‘ 6072-9 

6075-9 

6078-8 

6081-7 

6084-7 

2-9 

227 

6087-6 

6000-5 

6003-4 

6096-3 

! 6099-3 

l! 6102-2 

6105-1 

6108-0 

6110-9 

6113-8 

2-9 

228 

6116-7 

6119-G 

6122-5 

6125-4 

1 61-28-3 

jj 6131-2 

6134-1 

6137-0 

6139-9 

6142-8 

2-9 

229 

4 6145-7 

6148-6 

6151-5 

6154-4 

6157-3 

!i 6160-2 

0163-1 

6166-0 

6168-8 

6171-7 ! 

2-9 

230 

6174-6 

6177-5 

6180-4 

6183-3 

1 6186-2 

6189-1 

6191-9 

6194-8 

6197-7 

62tK)-6 , 

2-9 

231 

6203-5 

6206-4 

C20t>-3 

6212-1 

1 6215-0 

: 6217-9 

6220-8 

6223-7 

6226-6 

6229-5 ! 

2-9 

232 

4 6232-3 

6235-2 ’ 

6238-1 

6241-0 

6243-9 

! 6246-8 

6249-7 

f.252-6 ! 

6265-4 

i 

6258-3 

2-9 

233 

6261-2 

6264-1 

6-267-0 

6269-9 

6272-8 

: 6-275-7 

6-278-6 

6-281-5 1 

6284-3 

6287 -2 i 

2-9 

234 

6290-1 

6203-0 ‘ 

6-295-9 

6298-8 

6301-7 
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2-9 
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4 6319-0 

6322-0 i 

6824-9 

6327-7 
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6339-3 

6342-2 

6345-1 

2-9 
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6350-9 j 

6:163-8 

6356-7 

6359-6 
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6371-2 

6374-1 

2-9 
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6377-0 

6379-9 ! 

G382-8 

6386-7 
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G391-5 

6394-4 

6397-3 

6400-2 

6403-1 

2-9 
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l! 4-1792 

j 4-1804 

4-1815 

4-1827 

250 

1; 23 4-1010 

! 4-19-22 

4-1933 

4-1945 

251 

4-2027 

j 4-2039 

4-2051 

4-2062 

252 

' 4-2144 

j 4-2156 

4-2167 

4-2179 

253 

i 23 4-2260 

! 4-2272 

4-2283 

4-2295 

254 

1 4-2375 

, 4-2:587 

4-2308 

4*2410 

255 

1 4-2490 

j 4-2501 

4-2513 

4-2624 

256 

1 23 4-2603 

i 4-2615 

4-2626 

4-26:37 

257 

4-2716 

' 4-2727 

4-2738 

4-2740 

258 

4-2827 

. 4-2838 

1 

4-2&4d 

4-2860 

269 

23 4-2937 

4-2948 

4-2969 

4-2070 

260 

4-3(M6 

4-3057 

4-3068 

4-3079 

261 j 

4-3154 

4-3165 

( 

4-3176 

4-3187 

262 ! 

23 4-3261 

4-3272 

4-3282 

4-3293 

26:1 - 

4-3367 

4-3377 

4-3388 1 

4-3398 

264 ; 

4-3471 

4-3482 

4-3492 j 

4-3502 

265 : 

23 4-3.574 

4-3585 

4-3595 1 

4-3605 

266 j. 

4-3677 

4-3687 1 

4-3697 

4-3707 1 

267 i 

4-3778 

4-3788 1 

4-3798 

4-3808 1 

268 i 

23 4-3878 

4-3888 1 

4-3898 

4-3908 1 

26!) ' 

4-3977 

4-3987 ! 

4-3997 

4-4007 1 

270 ; 

4-4075 

4-4085 j 

4-4095 

4-4105 

271 ' 

23 4-4172 

4-4182 I 

4-4192 

4-4201 

272 

4-4268 

4-4278 ' 

4-4287 

4-4-297 

273 

4-4363 1 

4-4373 j 

4-4382 

4-4392 

274 ' 

23 4-4457 

4-4467' ! 

4-4476 

4-4485 

276 

4-4551 

4-4560 • 

4-4669 

4-4578 

276 ji 

4-4643 

4-4052 

4-4G61 

4-4670 

277 1 ; 

23 4-4734 

4-4743 ’ 

4-4752 

4-4761 

278 1 

4-4824 

4-4833 

4-4842 

4-4850 

279 

4-4913 

4-4922 . 

4-4930 

4-4939 

280 ii 

23 4-5001 

4-5010 ■ 

4-5018 

4-5027 

281 

4-5088 

4-5097 

4-5105 

4-5114 

282 |. 

4-5174 

4-5183 

4-5191 

4-5200 

283 1; 

23 4-5260 

4-5268 1 
4-6352 : 

4-5277 

4-5285 

284 : 

4-5344 

4r,:m 

4-5369 

285 |{ 

4-5427 

4-5436 ' 

j 

4-5444 

4-5452 

286 

23 4-5510 

4-5518 

4-5627 

4-5535 

287 

4-5692 

4-5600 ! 

4-5606 

4-5616 

288 

4-6673 

4-5681 * 

4-5689 

4-5697 

ill 

23 4-5753 
4-5832 

4-6761 ! 

1 

4-5769 

4-5777 


secs. 
4-0517 
4-0639 i 
4-0760 : 

4-0881 < 
4-10O‘> ^ 
4 -1123 ; 

4-1243 
4-1363 
4-1483 ^ 

4-1602 : 

4-1721 

4-18;i9 


secs. 
4-0529 I 
4-(H;51 ^ 
4-0772 ! 


41014 
4-1135 i 


4-1614 

4-1733 

4-1851 


4-19.57 4-1969 
4-2074 4-2(»8(5 
4-2190 > 4-2202 


I 4-2;{oe 
4-2421 
I 4 2535 . 

4-264S 
4-2760 . 
4-2871 : 

4-2981 , 

4-3090 

4-3197 


4-2318 

4-2433 

4-2517 

4-2660 

4-2772 

4-2882 

4*2992 

4-3101 

4-3208 


4-3303 4-3314 ' 

4-3409 4-3419 

4-3513 ;l 4-3523 . 


I 


4-3615 •’ 4-8626 ' 4-3636 i 4*3646 ! 4*3656 ' 4 ;i667 

4-3717 4-3728 : 4-3738 ' 4 3748 , 4-3758 ' 4-:;76K 

4-38J8 4-8828 j 4-3838 i 4*3848 I 4*3858 i 


4-3918 4-35»2s 

4-4017 4-4027 

4-4114 4-4124 ; 

4-4211 'i 4-4220 ' 
4-4307 :i 4*4:516 
4-4401 !i 4 4411 


4-4495 

4-4587 i 


4-4.504 

4-4597 


4-4679 4-46S8 


4-3938 i 4-3948 j 
4-4036 i 4-4W6 ^ 
4-4134 i 4-4143 j 
I 1 
4-4230 I 4-4240 
4-43-26 ; 4-4335 
4-4420 I 4-4129 


4-4513 

4-460f) 

4-4697 


4-4770 4-4779 i 4 4788 

4-4859 !! 4-4868 j 4-4877 

4-4948 ;; 4-4957 j 4-49f;G 

4-6036 l! 4-6045 ! 4-5053 

4-51-23 4-5131 : 4-5140 


4-4523 

4-4615 

4*4706 

4-4797 

4-4886 

4-4975 

4-5062 

4-514H 


4-5208 4-5217 ! 4-5226 i 4*5234 


4-6293 4-5302 

4-5378 4-5386 

4*5461 4-5469 

4-5543 Ij 4-5551 
4-5624 |! 4*5632 
4-5705 ;; 4 0718 

il 

4-5785 ij 4-5793 


4-5310 

4-5394 

4-5477 

4-5559 

4-6641 

4-5721 

4-5800 


4-5319 

4-5403 

4-5485 

4-5567 

4-564R 

4-5729 

4-5808 


4-3868 

4-3958 4-3! (68 

4-4066 4-4()(;(; 

4-4153 ( 4-41(;3 

4-4249 4-425‘» 

4-4344 I 

4-4439 I 4-4148 


4-4632 

4-4624 

4-4715 

4-4806 

4*48!).'i 

4-4983 

4-5071 

4-6157 

4-5243 

4-5827 

4-5411 

4-5494 

4-5576 

4-6657 

4-5737 

4-5816 


4-4511 

4-463:! 

4-4725 

4-4815 i 
4-4904 ' 
4-4992 : 

4-5080 ’ 
4-6166 ; 
4-5251 ; 

4-63»l i 
4-5419 
4-5502 j 

4-5584 ' 
4-5665 , 
4-5745 j 


•ooio 

•0010 

■0010 

■0010 
•01 HU 
•0010 

•001 1 » 
■OOlfk 
■(HIO!( 

•000i» 

■IIOU!» 

•0009 

•0009 

•0009 

-0009 

•(M)09 

•0(MI9 

•()(M»9 

•0008 

•0008 

-0008 

•(W)n« 

(KtOH 

•WMW 


4-5824 ; -0008 

;i 


A General Table of Values 9f for Ogival-headed Shot 
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Trajectokies Calculated from Chronograph Velocities. 

Before we can make any progress whatever^ we must know 
the diameter and weight of the bullet. In all our Express 
rifles, we have the diameter ready to hand, the calibre being 
given in thousandths of an inch, «as *450, *500, &c. ; and the 
weight of the bullet is usually stated in grains. Having 
these particulars we proceed as follows : 

AVe first square the diameter of the bullet, and then divide 
by its weight, so as to' obtain a factor or co-efficient of air- 
resistance, which is the bfisis of every calculation with this 
bullet, and which, in writings on the subject, is commonly 

designated as its — . In the foregoing pages, the tables on 

the left-hand, headed by this symbol followed by the letter t, 
apply to calculations of time ; those on the k^t-hand pnges, 
with an s after the symbol, apply to calculations of nr 

distance. 

Let us suppose — to take an easy example — that the 
diameter is ‘oOO and that the bullet weighs 500 grains. Wa 
get the square of '500 by multiplying it by itself ; and, 
omitting the superfluous cyphers, the result is ‘25. We liavc? 
now to divide this by the weight ; and, as the tables which 
have afterwards to be worked from are based on the wt*ight 
of the projectile ^^in pounds,^^ the number of grains in our 
bullet has to be reduced to the fraction of a pound. AVifli 
500 grains, we see at once that it is -y^j-th of a pound of 7000 
grains; and, as the process of dividing by tliis fraction is 
the same as multiplying by 14, we should readily obtain the 
required result. Generally, however, the number of grains 
does not divide so easily, and the simplest method, in most 
cases, is to multiply by 7000 and divide by the nuiiibi*r of 
grains in the bullet. This is, of course, merely tlio same as 
dividing by the fraction of -a pound, which in our case is 
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or ^ ; and in many instances tliis method is more 
simple than that of ascertaining the corresponding decimal 
fraction, which for the 500 grain bullet would be •071428571b. 

The division of the square of the diameter by the weight 
of our bullet will be seen to give 3*5 as the result ; and if we 
want to know the remaining velocity of this bullet at any 
range — say, 100 yards — we must multiply the 3’5 by 300 (the 
number of feet in that range), which gives 1050 as the product. 
And now we are in a position to make use of the tables. 

Supposing we know from the chronograph that the muzzle 
velocity of our bullet is 1085 feet per second, wo refer to the 
table of Space^^ (page 101), and in the line beginning 108, 
and the column headed 5, we find that 43070 is the number 
corresponding with 1085 velocity. We take this number, 
subtract therefrom the 1050 previously obtained for 100 
yards, and the remainder is 42020. Eeferring again to the 
same table, we find that the nearest number to 42020 is in 
the line beginning with 144, and that, without resorting to 
fractions, the remaining velocity would be represented by 
1448, or by 1417*0 if you wish to be more exact. 

Having now obtained the remaining velocity, you may 
desire to ascertain the time of flight or amount of drop of 
the bullet in the same distance ; and for this purpose it is 
necessary to refer to the opposite page relative to ^^Tinie.’’ 
You take from this, in similar fashion to the table previously 
used, the number corresponding to 1085 velocity, which 
is 232’8209 ; subtract therefrom the number corresponding 
to 1 148, which would be 232’14{) 1; and the remainder (*6715), 
divided by the 3’5 previously mentioned as the factor of 
air-resistance, gives you the fraction of a second (• 191857) 
in which the bullet traversed the 1 00 yards range. 

To ascertain the drop,’^ this fraction of a second has to 
bo squared, which gives ’OSOSOO, and multiplied by 193 inches 
(or 193’ 145, if you wish to be very particular), as the gravity 
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drop for 1 second, and this shows our bullet drop in 100 
yards to be a trifle over 7*1 inches. There is a tfible in Mr. 
Bashforth^s book from which the drop of the bullet can bo 
read off by inspection, when you know the tiuie; and it 
is very useful indeed for long ranges, where the drop is 
stated in feet ; but for the short ranges required for sporting 
purposes, where the fractions of a second are very small, and 
the measurement must be given in inches, I prefer to calculate 
from the number 193*145, as if you take the fraction of a foot 
from the table and turn it into inches, any little divergency in 
the last figure of the decimal is multiplied 12 times in this 
process, and thus makes the differences between successive 
ranges appear out of proportion. 

Calculation of Drop from Muzzle Velocity. 

The above long description may be briefly summarised in 

figures, with the aid of the ordinary arithmetical signs for 

multiplication, division, &c., the same dimensions, weight of 

bullet, velocity, &c., being given as before. 

* 

*500 X *500 = *25, square of diameter of bullet ; 

•25 X 7000 grs. = 1750 ; 

1750 -f- 500 grs. = 3*5, factor of air-resistance, or 

We now have recourse to BashfortVs tables as follows — 
selecting the space number'^ from the right-hand page, and 
the time number from that on the left : 

Spaoe Tirao 

Number. Number. 

1685 ft.-sec. velocity 43070 1685 ft.-sec. velocity 232*8209 

- 3*5 X 300 feet ... 1050 

Remaining velocity. 

42920 = 1448 ft.-sec. = 232*1494 

*6715 

*6715 3*5 = -191^57 see. (Time of flight) 

*191857 X *191857 = *036809 square of Time. 

*036809 X 193 in. = 7*1 in. drop of bullet. 

These calculations are, of course, much more rapidly made 
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by logaritlims than by ordinary arithmetic ; and the process 
is so easily acquired, that it is well worth the while of anyone, 
not already acquainted with the process, to learn it before he 
indulges much in work of this kind. 

It may also bo as well to mention here that, if drop 
calculations for comparative purposes are about to be made, 
it may save time in the end to be very exact in estimating the 
remaining velocity to fractions of a foot. The time calcula- 
tion is based on this remaining velocity; and any slight 
inaccuracy is considerably magnified by the squaring of the 
time, and will thus make a very noticeable difference in 
long ranges. The young beginner may therefore be greatly 
puzzled by irregularities of increase in drop at different 
raugcs, and, fancying that his calculations are wrong, may 
work and re-work his figures to trace the error, whereas the 
inaccuracy may, after all, be only due to allowance not having 
been made for a fraction of a foot in the velocity. 

Calculation of Muzzle Velocity from Time or Drop. 

If, now, you wish to ascertain the muzzle velocity from the 
mean velocity obtained by the chronograph, the above process, 
or a part of it, has to be reversed. Supposing that the 
mean velocity in 20 yards has been ascertained, that would, 
as recently stated, be the actual velocity at half-distance, or 
10 yards. The factor of air-resistance, 3'5 (if the bullet 
were the one just mentioned), would have to be multiplied 
by the half-distance in feet (30), and the product added to 
the Space number taken from the right-hand table. This 
will give the number corresponding to the velocity at the 
muzzle, which is 30 feet from the point where the velocity is 
known. 

If the amount of drop is known, and you wish to ascertain 
the muzzle velocity, it may be w’orked out by a further ap- 
plication of the reverse process just described. Taking the 
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previous figures, by way of example, with 7’lin. drop of 
bullet, we proceed as follows : 

7*lm. droj) 193iii. = *036809 square of time ; 

Extract square root of *036809 = *191857 sec., Time of flight ; 

300 feet -i- *191857sec. = 1564 mean velocity in 100 yards; 

Mean velocity in 100 yards = actual velocity at 50 yards. 

Actual velocity, 1564 = 4J>448*6 in Space table ; 
add 150 feet X 3*5 = 525*0 

and the remainder, 43973*6 = 1686 velocity in Space table. 

The result here is only 1 foot different from the muzzle 
velocity previously mentioned, and that difference would have 
l)een less had fractions been resorted to, as the mean velocity 
was rather over 1563i feet per second. 

Calculation of Trajectory Without a Chronograph. 

Few persons have a chronograph at their service, but many 
may like to carry out experiments within their means for the 
purpose of estimating the tra jectories of their rifles or as(‘er- 
tainiiig the muzzle velocity. It is not to be? expected that the 
results to be obtained by the methods now about to bo 
described can bo more than ajqiroximate, but the ox])orinK‘nts, 
if carefully carried out, will often give a closer approximation 
than might be expected. 

Col. Davidson, the inventor of the telescopic sight for rifles, 
in commenting, in the Ftpld, on the recent rifle trial at 
Putney, thus described the method he adopts for ascertaining 
the trajectory and drop of bullets : 

Every gunmaker should be prepared to tell his custoiiier 
what is the trajectory of the rifle he sells. Everyone has not 
the means of making such trials as you record. I havi* been 
in the habit of adopting a more sirnjde method. Using my 
telescopic sight, and taking the line which roi)resents no eleva- 
tion at all (that is, the prolongation of the axis of barrel), I 
aim with that line at a spot the size of a shilling at the 
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difforent distances from 25 to 200 yards ; and, measuring from 
the centre of each group of shots, I note the fall of the bullet 
below the line of the axis of the piece. To lay dowu the 
trajectory, I have only to draw a line representing the pro- 
longation of the axis, and mark ofP in that line the distances 
from 25 to 200 yards, and then lay off the drop of the bullet 
from each of these distances, when a curved line, connecting 
these points, will give the trajectory. Of course, for con- 
venience, I use a different scale for the distances and for the 
drop.^^ 

From a lino subtending the curve made as Col. Davidson 
describes, the height of the trajectory at different points could 
doubtless be ascertained with a very close approximation to 
accunicy ; but I doubt whether measurement from the zero 
line, or line of no elevation, can be relied on to give a correct 
representation of the actual drop of the bullet in all cases ; for 
the ai)parent drop and the actual drop are not necessarily the 
same. I am led to this remark by Col. Davidson having stated, 
in the course of his letter, that the drop of a rille he tried he 
had found to be about 10 inches at 150 yards.’ A drop of 
10 inches under the action of gravity is accomplished in less 
than a quarter of a second (*2275 sec.) ; and it will be seen, 
on dividing 450 feet by this time, that a bullet ha\ung so 
small a drop in 150 yards must have a auau velocity of over 
1970 feet a second. To produce so high a mean velocity for 
that distance, the initial velocity of the bullet would have 
to be somewhere about 2G00 feet per second. I conclude, 
therefore, that the apparent drop in Col. Davidson^s bullet 
measured some inches less than the true drop — probably 
owing to a certain amount of jump^^ in the rifle when fired. 
If, however, there be such a jiimp^^ or other irregularity in 
the shooting as produces any^ material difference between the 
apparent and the real drop of the bullet, a clue to the fact 
may be found by taking the known height of the trajectory at 



172 the modern SPORTSMAN'S GUN AND RIFLE. 


mid-range, and multiplying it by 4, which will give approxi- 
mately the drop at full range ; so that, if any great difference 
is found to exist, it may be assumed that there is something 
wrong in the measurement of the apparent drop, although the 
curve of the trajectory itself may be right. It may be as 
well, moreover, instead of taking a single measurement from 
the centre of the group of shots, to go to the additional 
trouble of measuring every shot separately, and calculating 
the average ; otherwise one might possiblj^ have half a dozen 
bullets at differeut distances from the zero line, and only got 
the mean of the two extremes instead of the average of the 
entire group. 

Another simple method of ascertaining trajectories is to fire 
a series of shots with the same sight at different distances 
in the folIo^^nug fashion. Let us suppose that half-a-dozen 
shots are fired from a sandbag or rest at 150 yards, and 
measurement made of the distance of each shot above ov 
below a cross-line in the centre of the bullseye ; the same is 
done with a similar half-dozen shots, 25 yards nearer, using 
the same sight, and aiming again at tlie centre of the l)ulls- 
eye; at 100, 75, 50, and 25 yards (or any other ecpial intervals 
that are convenient) the process is repeated, and moasiirenients 
are taken. A straight line is drawn on a sheet of papc'r, and 
divided into equal distances to correspond with the divisions 
of the range, and at each division is j)lotted down the avenigo 
measurement of the six shots above or below the line, as the 
case may be. When the whole are laid down, another st might 
line may be drawn from that part of the first line which corre- 
sponds with the position of the muzzle of the rifle, to the ])oint 
which marks the average position of the six shots at 150 
yards, and, if the rifle has been shot with equal Jiccuracy at 
each distance, a curve drawn through the various points 
marked down in the range will represent the tmjectory, and 
measurements from the base-line to the curve will give the 
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height at any point. By measuring the height of the tra- 
jectory at a point a little beyond mid-distance (say 80 yards) 
and multiplying this height by 4, you get the total amount of 
drop in 150 yards; and from the drop you may, as recently 
pointed out, ascertain the time of flight, the mean velocity, 
and ultimately the muzzle velocity. 

The Vertex or Culminating Point of the Trajectory. 

This occurs a little beyond mid-range, at about half the 
time of flight; and, taking 150 yards as a convenient range 
for Express rifles, 80 yards may, for all practical purposes, be 
assumed to representing the highest point of the trajectory ; 
though with very light bullets and great speed the turning 
point would really be somewhat beyond 80 yards, and with 
heavy bullets and lower velocity it would be rather under that 
distance. Thus, a 3()0gr. bullet of *450 bore, with 1600ft. 
muzzle velocity, would be at its highest about 79i yards ; 
whereas a 260gr. bullet, with 2000ft. initial velocity, \vould 
not reach its vertex till about 81 yards. 

. I^his, however, is on the supposition that the trajectory is 
calculated from a line produced from the axis of the barrel, 
without any allowance for the height of the front sight ; but, 
if taken from the line of aim, the height of the front sight 
above the axis of the bore has to be allowed for, and this 
would vary in different rifles, according to the size of the 
bullet, the thickness of the barrel, and the height of the 
sight itself, and whether it ^vore placed on the top of single- 
barrel, or on the rib of a double. Taking, however, half an 
inch as a convenient height of sight for our purpose, that 
would make a difference of a quarter of an inch at mid-range, 
and more or loss as it was under or over 75 yards. 

As the angle of elevation compensates for the bullePs drop 
throughout the whole range, it may be said to represent the 
average drop. During the first half of the time, when the 
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speed is greatest, the bullet drops at a less rate than the 
angle rises ; in the second half, tho reverse is the case ; and 
about midway, where there is an average of speed, the rise of 
angle and drop of bullet are brought into correspondence, 
and, for a few yards, the rise and fall so nearly counteract 
each other that recourse must be had to thousandths of an 
inch in order to mark the turning point. This 'will bo seen 
by the following calculations of the respective heights of 
bullets of 260 and 360grs., with muzzle velocities of 2U00ft. 
per second for the former and 1600 for the latter, so as to 
make a rather wide contrast : 


Heights of 150 Yards Trajectory beyond Mid-range, with 
NO Allowance for Sight. 


260 gh. Bullet, with 200oft.-seu. 

060 

GH. Bn 

LET WITH 1600FT.-SEU. 

Muzzle Velocjtv. 


Muzzle VELueny. 

75 yards 4 05i* inches. 

At 75 

yards 

5*590 inclic 

76 ,, 4*067 ., 

76 


5-5!tt) .. 

7/ 4‘(04 «, 

77 

*» 

5*600 


78 


5*(i(4 

79 4082 

79 


5 60S 

80 „ 4-08n „ 

80 


5*60!> „ 

81 4-084 .. 

81 


5’t)06 ,, 

82 „ 4-085 „ 

82 


5*t>02 

83 „ 4-082 " 

83 


5*597 

Same, with Half-inch 

Allowance 

FOR Sight. 

79 yards 3*844 inches. i 

At 77 

yards 

»> 

5*1157 inclicj 

80 „ 3-g49 „ 

78 

5*365 „ 

81 „ 3-853 „ 

79 

99 

5*372 

82 3-857 „ 

80 

tt 

5*376 

83 3-859 „ 

81 

ft 

5*376 „ 

84 „ 3-858 „ 

82 

9* 

5*376 

85 „ 3-855 „ 

83 

99 

5*373 „ 


On comparing the first division of the table with the second 
it will be seen that, in the latter, the turning point aj)pcar.s to 
be removed a yard or two further on ; and, w'itli tho slow 
bullet, the change is so gradual that even thousandths of an 
inch are not small enough to indicate the differences. Thin 
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arises from the fact that, whereas the line of elevation 
increases in height with length of range, the allowance for 
sight diminishes ; and thus another counteracting influence 
joins in with the diminishing velocity of the bullet, and gives 
almost absolute flatness for several yards. This is very 
convenient for amateurs who wish to calculate the height of 
tra,jectory and the velocity of their rifles, as, by taking such a 
point as 80 yards in a range of 150, there is little fear of the 
velocity or weight of the bullet making any material difference ; 
for, although, strictly speaking, the various bullets may have 
different culminating points, no ordinary mode of measure- 
ment would tell the variation in height of the same bullet if 
taken a yard or two earlier or later. 

One method of calculating the h(‘iglit of trajectories from 
times ascertained by the chronograph is to take the time at 
any given point (say, 50 yards), and multiply by the difference 
between the time at 50 and the time of the full range (say, 
1 50 yards) ; and the })roduct, multiplied by the drop per 
second, is taken as the height of the trajectory at 50 yards, or 
whatever the selected distance may be. I confess, however, I 
prefer to subtract the drop from the height of angle, although 
it may be a more cumbersome process ; for the former 
makes the trajectory appear somewhat too low. To show the 
effect, I will illustrate it by reference to the foregoing table. 
The highest point of the trajectory wxmld, by this method, be 
at the point exactly corresponding with half-time of the full 
range. If w^e take this half time, {ind square it, we get one- 
fourth, and multiplying this by the gravity drop per second, 
we find the highest point of the trajectory given is exactly 
one-fourth of the drop in the full range. But, if we look at 
the angle of elevation, wo see that at mid-range (not mid-time) 
its height is just one-half of the total drop ; whereas the time 
being less than half, the drop up to that point is less than a 
quarter. If we subtract from the height of angle at half- 
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distance the amount of drop in that distance, the result is 
that we find the position of the bullet to be higher than the 
'^highest point of the range as calculated by the method 
alluded to. This appears to arise from the fact that the lino 
of angle representing the elevation of the gun is a lino of 
mean velocity, whereas, the base line of the angle is a line of 
variable velocity, and consequently the points of time on 
the two lines do not coincide. Calculated by the method in 
question, the greatest height of trajectory, as based on half- 
time, would be, for the 260grs. bullet 3*48in., and for the 
SGOgrs. bullet 4-97in. Accordingly the results would not 
accord satisfactorily with the foregoing table, nor with calcu- 
lations worked out on the basis now to be described. 

Mode or Calculating Velocity from Bullet Marks on 

Target. 

Express rifles are commonly sighted for 150 yards, and 
this range will therefore be very suitable for the experiment. 
Mark a horizontal line on a target or sheet of paper, and, 
having measured a distance of 80 yards from this target, fire 
half a dozen shots, aiming at the line, with the rifle sighted 
for 150 yards. 

Measure each shot separately, from the centre of the bullet- 
mark to the centre of the horizontal line, and calculate the 
average of the whole. If the shooting be pretty even. 
Express bullets, according to their weight and velocity, 
should average from about 4in. to S^in. above the horizontal 
line on the target, and this will represent the height of the 
trajectory above the line of aim. Military bullets would be 
considerably higher. 

To the height thus obtained, add ^ths of the height of 
the sight from the centre of the bore, and you obtain the 
height of trajectory without sight allowance. Multiply this 
by the square of 15 (or 225) and divide by the square of 8 
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(or 64) and you obtain the same result as dividing by the 
square of which represents the proportionate part of 

the range. This gives you the total bullet-drop in 150 yards. 
Very nearly the same result is obtained by merely multiplying 
by 3^, as dividing by the square of is similar in effect to 
multiplying by 3‘51G. 

Take the total drop in inches and fractions, divide by 
193*145 (the number of inches fall by force of gravity in one 
second), and the square root of the quotient gives the time of 
flight of the bullet for 1 50 yards — a fraction of a second. 

Divide 450 feet (150 yards) by this fraction of a second, 
and the mean velocity is ascertained. The mean velocity 
for 150 yards is also the actual speed of the bullet at half 
the distance, or 75 yards. 

Then, having ascertained the factor of resistance, or ~ 
of the bullet (by squaring diameter, dividing by grains of 
weight, and multiplying by 7000 to turn it into pounds or 
fractions of a pound), multiply the 225 feet (or 75 yards) by 
this factor of resistance, and you obtain a number which, 
added to a Space number’^ in Bashforth^s table correspond- 
ing to the velocity at half-distance, will give a second number 
which, on again referring to Bashforth^s table, will show the 
muzzle velocity. 

At the time of the recent Field trial of rifles at Putney I 
endeavoured, by this method, to ascertain the approximate 
velocities from the bullet marks on the paper screens ; but, 
as the rifles were fired from a machine rest, and they were 
levelled from the bore, there was no need to make any 
allowance for height of sight. Having ascertained from the 
screens the average height of the bullet-marks of four rifles, 
I worked out the estimated velocities. Two of these were 
only 1 ft. -sec. each different from the velocities obtained by the 
chronograph; the other two were fully 50 ft. -sec. out. The 
getting so very close in two instances I take to be a mere 
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fluke but in the other two I consider the difference would 
have been less, except for some divergences of the bullets 
arising from their contact with previous paper screens. 

Now, it must be admitted that the above-mentioned process 
of multiplying and squaring fi’actions is rather troublesome ; 
and so is that of finding out the distance of the highest point 
of the trajectory from the muzzle of the gun. ' But very 
similar results may be obtained by a simpler empirical process, 
which may be thus described : — 

To find the distance of the highest point of trajectory, 
multiply the length of range by the fraction "52, if the range 
is 100 yards, and add *01 to the fraction for every additional 
50 yards. 

To find the height of the trajectory at this highest point, 
multiply the drop in the full range by the fraction *28, if the 
range is 100 yards, Jind add *01 to the fraction for every 
additional 50 yards. 

The respective multiples will thus be as follows : 

OreiiteBt llel^rht of Trajectory. 


Length of 

Bange. 

loo vards 

Distance. 

-.52 

Multiple of 
Dr<»p. 

•»>S{ 

].50' 

-53 

-29 

200 „ 

*54? 

-30 

250 

*55 

-31 

300 „ 

•5(; 

*32 

350 „ 

-57 


4t>0 „ 

-58 



in 

4?50 

-59 

-35 

500 „ 

*00 

-30 


These will apply approximately to all express rifles ; but 
light bullets with veiy high velocitie.s are slighlly under- 
estimated at short ranges and over-estimated at long ranges, 
and vice versa whh heavy bullets and low velocitie.s. Thus, 
taking 150 yards as the range, and multiplying it by *5:5, 
we get 79-5 yards as the highest point of trajectory. Tljis 
would be nearly true of the 3(>0gr. bullet with IGOO ft.-soc. 
muzzle velocity, but rather short for the 2G0gr. bullet with 
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2000ft. velocity. We can meet extreme cases, however (if 
thought necessary), by taking the next point higher or lower; 
for, if we multiply 150 by *54 instead of *53, we get 81, which 
is just about the highest point of the 2G0gr. trajectory with 
2000 ft. -sec. initial speed. 

In similar fashion, if we know that the drop of the 360gr. 
bullet, with IGOO ft.-sec. muzzle velocity, is 38 inches in 200 
yards, we multiply 38 by ‘30 and get ll*4in. as the greatest 
height of trajectory ; and this is sufficiently correct. In 
500 yards, the result would be too high. 

Effect of Temferature and Moisture. 

Hitherto all that has been said about the resistance of the 
atmosphere has had reference to the effect produced when the 
air is of the normal weight, or when there is a fall in the 
barometer alone taken into account. Professor Bashforth’s 
tables, lately given, are calculated on the supposition that the 
weight of a cubic foot of air is 534*22 grains, which is the 
weight of dry air at a temperature of G2° F., under a pressure 
of 30 inches of mercury. When the barometer rises above 
or falls below 30'', the weight of the air is increased or 
diminished, and the weight is further affected by the amount 
of moisture. If one takes into consideration nothing more 
than the rise or fall in the barometer (as may be done with 
the ordinary run of mild English weather), the co-efficient of 
resistance (or ) need only bo multiplied by the height of the 
barometer, and divided by 30, and the rest of the calculation 
be worked on this basis. If, however, you wish to take 
temperature and moisture also into account, then it is neces- 
sary to ascertain the weight of a cubic foot of the air in which 
the experiment is carried on, and for that purpose recourse 
must be had to meteorological tables, such as Mr. GlaisheFs, 
if strict accuracy is required ; but a close approximation may 
be obtained by means of the table here given, which will 
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suflBice for all practical purposes, and render unnecessary the 
reprinting of longer tables and giving an explanation of their 
mode of use. This table, and the remarks appended thereto, 
are taken from a very interesting article, by Lieut. E. L. 
Zalinski, of the United States Army, which appeared in an 
American journal. Forest and Streamy of June 21, 1883, a 
copy of which was sent me by a friend : 


Table op Weights op Air, per cubic poot, at dipperent 

TEMPERATURES, THE BAROMETER BEING AT A HEIGHT OP THIRTY 
INCHES AND MOISTURE AT 66| PER CENT. OP SATURATION. 


Temperature. 

Weight per 
cubic feet of air 
in grains. 

Mean change of 
weight ff»r each 
inch change 
m height of 
Barometer. 

1 

! Mean change of 
! weight for 

each degree of 
temperature. 

Moan decrease of 
weight with 
humidity at satura- 
tion (-100). 



Grains. 

Grains. 

Grains. 

-30^ 

647 




-20'' 

1 633 

21 

1*4 


-10= 

619 

21 

1-4 

010 

0'' 

605 

20 

1*4 

0-20 

10" 

592 

2*0 

1*3 

0*35 

20= 

579 

1*9 

1-3 

0*53 

30" 

567 

1-9 

1*2 

076 

40= 

555 

1-8 

1-2 

103 

50" 

544 

1-8 

12 

1*42 

60= 

532 

1*8 

1-2 

1*96 

70= 

521 

1-7 

1*2 

2-66 

80= 

509 

1-7 

1-2 

3-60 

90= 

497 

17 

1*2 

4*83 

10<J= 

485 

1-6 

1*2 

6-50 

110= 

473 

1-6 

]-2 

8*32 


“It is seen from the above that an average change of 15-5^ of 
temperature is equivalent to one inch height of barometer. At 
or near sea-level the changes of barometer rarely exceed two-tenths 
(0*2) of an inch from a mean height of 30in., producing a variation 
of less than four grains of weight per cubic foot. It is apparent 
that the probable limits of changes of barometer affect the weight 
of air so slightly that it may ordinarily be considered as at a 
height of 30in., or, better, at the average height of any tiring 
locality. 

Temperature, however, varying considerably as it may within a 
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single day’s firing, and ranging at different seasons from below 
zero to more than 100° above, effects marked changes in the weight 
of air, and may not be neglected. It is seen that the weight 
decreases with rise of temperature. 

At Ft. Keogh, Montana, the temperature ranged from — 27° in 
February, 1882, to 109° in August, 1882, a variation of 136°, 
giving a difference of weight of air of 161grs. per cubic foot. 

Moisture reduces weight of air by its elastic force, but the 
extreme variations j)roduced by this are so inconsiderable, com- 
pared with the changes produced by temperature, that ordinarily 
no great error will result if the weight of the air is taken 
for a condition of 66§ per cent, for saturation. It will be 
seen this element decreases the weight most at the higher 
temperatures.” 

Fortunately, in these islands we do not run to such extremes 
as 109° in summer and 27° below zero in winter; and there- 
fore we shall not require to make allowance for temperature 
and moisture to the full extent mentioned in the above table. 
As this table is calculated for an amount of moisture equal to 
two-thirds (or 66|- per cent.) of saturation, and our tempera- 
tures do not usually go to great extremes, we will leave 
moisture out of consideration, and merely pay attention to the 
barometer and thermometer. Supposing, then, tliat the 
barometer stands at 29" instead of 30", and the thermometer 
is at 55°, wo find that at 50° the weight of the air is 544 grains; 
for the other five degrees we deduct five times 1-2, as shown in 
the fourth column, which reduces the weight to 538 ; and as 
the barometer is 1 inch below 30, we deduct also ten times 
1‘8, as shown in the third column, and consequently get 
520 grains as the weight per cubic foot of air. Bashforth^s 
tables are calculated on the basis of 534’22 grains per cubic 
foot ; and, to allow for the difference in weight, the number 

j 2 

obtained as the - of the bullet has to be multiplied by 
520 and divided by 534*22, and the result used as the basis 
for calculation of the experiments carried out under this con- 
dition of the atmosphere. 
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Lieut. Zalinski^s paper also contains a number of calcula- 
tions on the eSect of temperature on air-resistance, but as 
they apply almost exclusively to the American military rifle, 
it has not been thought necessary to quote them here. A 
second paper, in continuation of the subject, was announced, 
but I not know whether it has been published. Other articles, 
by various writers have, I understand, also appeared in Ameri- 
can journals, touching on the same subject, but unfortunately 
I have not had an opportunity of perusing them. It seems 
certain, however, from the number of articles published, that 
our American cousins pay much more attention to such matters 
than do the sportsmen of those islands. 

Teajectories op Laege-bores. 

The previous remarks have chiefly had reference to the 
trajectories of Express bullets. For the calculation of the 
trajectories of spherical balls the foregoing set of tables would 
be useless, as the amount of air-resistance with spherical shot 
is entirely different at all velocities. It would occui^y too 
much space to insert here another set of tables similar in 
dimensions to those just given, and an 5 ^one who wishes to 
have recourse to them must therefore be referred either to 
Professor BashfortVs treatise, or to the blue-book containing 
his first report, already alluded to. But a few particulars, 
from notes relative to the large-bores at Messrs. Holland\s 
trial in 1879, may be of interest, more especially as no clironr)- 
graph velocities were taken with the large-bores shot at the 
Field trial of 1883. 

In his book on the Sporting Rifle,^^ already alluded to on 
page 9, Capt. Forsyth gave the trajectory of a 14-boro rifle 
which had much pleased him. Its ^'point-blank range with 
spherical ball was stated by the author to bo about 60 yards 
with 3drs., 85 yards with 4drs., and 100 yards with 5drs. 
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The height of the trajectory at different points of the range 
was given as follows : 

‘i.'Syds. SOydfi. Tflyds. lOOyds. 

14-borc lin 2 a in 2fin 0 

These measurements will serve as a basis for comparison 
with the trajectories of the rifles of 12-bore and upwards that 
were tried in the course of Messrs. Holland's experiments. 

It may be as well, however, first to insert Capt. Forsythes 
definition of point-blank range.’^ Ho says (the italics are 
his own) : I define the point-blank of the sporting rifie to 
be, that distance up to which a shot may he taler n at any object 
without allowing anything for the rise or fall of the projectile, 
A rise or fall of 1 inch will not require any allowance to be 
made even in the finest shooting that ever occurs in actual 
sport ; therefore, this amount of rise and fall will regulate the 
length of the point-blank range.^’ A rise or fall of 1 inch 
would be equivalent to a rise of 1 i inch above the line of sight 
at mid-range without allowing for fall. 

Lot us now take 100 yards as the range of Messrs. Holland’s 
rifles, and supposing the 12-borc to be sighted for the largest 
charge (the bullet dropping 9 inches in 100 yards), the rise 
and fall of the bullets, with four d iff c rent charges, was 
estimated as follows : 


Trajectories of 12-bore Rifle, sighted for 9in. fall in 
100 Yards. 



2f'iyds. 

oOyds. 

7.^yds. 

lOOyds. 

4clrs 

... I’rmi. ... 

. . . l'5iii. . . 

.... — O'Tin. .. 

.... — 5 dill. 

5(lr8 

... 1-7 

... 2-0 

.... 0-0 

.... — d-0 

6(lrs 

... 1-8 

... 2-4 

.... ro 

.... —10 

7drs 

... ro 

... 2-6 

.... 21 

0 


With the same elevation, the bullet fired with the smallest 
charge falls below the line of aim before it has gone quite 75 
yards, and, as the slowest bullet drops most in equal distances, 
the height of the trajectory is consequently less than with 
the faster bullets. If, however, the elevation be increased. 
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so as to make eacli bullet strike on the line of aim at 100 
yards, the trajectory is highest with the slowest bullet, fis 
about one-fourth of the former drop below the line is now 
added to tlie height at the first point, half at the second, and 
three-quarters at the third ; for example : 


Trajectokies op 12-bore Riple, elevated por difperent 

Charges. 



25yds. 

SOyds. 

753^ds. 

lOOyds. 

4drs 

2'9m. 

... 4‘2in. 

3'4iii. 

0 

5clrs 

2*4 

.. 3*5 

... 2*8 

0 

Gdrs 

2-0 

... 2*9 

... 2*4 

0 

7drs 

1-8 

... 2*6 

... 2*1 

0 


The trajectory of Capt. Forsythes rifle would thus bo inter- 
mediate between the last tw’o on the list, except as regards 
the 25 yards, which appears to be very low as compared with 
the figures just given; but these calculations of Messrs. 
Holland's trajectories were made from the axis of the boro, 
without any allowance for the height of the front sight ; 
whereas Capt. Forsythes trajectories were ascertaini‘d by 
measurements from shots fired at paper screens, aim being 
taken from the sight in the usual way. What was the height 
of the sight on Capt. Forsyth’s rifle I do not kn(.>w, but 
probably it was something more than half an inch above the 
axis of the bore. Taking it, however, at half an inch, this 
would lower the trajectory by ^in. at 25 yards, -pin. at 50 yards, 
and iin. at 75 yards. This would bring them much nearer 
together ; and possibly some little further difference may have 
been caused by the bullet striking several pa])er screims in 
succession, as such appears to have been the case with the 
paper screens used at the Putney trials. 

The trajectories of the larger rifles in Messrs. Holland’s 
trial did not differ very greatly from that of the 12-bore with 
the largest charge, but were lowest with the heaviest bullets. 
Supposing in each case the bullet to strike on the line of aim 
at 100 yards, the following would be the trajectorios. 
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Tbajectobies op the Large-bores. 


lO-boro, 8drs 

2r>ydB. 

... 

SOydB. 

... 2*7in. ... 

75yd8. 

... 2*2in. .. 

lOOyds. 
0 

8-bore, 9(lrs 

.. 20 

... 2*9 

... 2-3 

0 

Ditto, lOdrs 

.. VS 

... 2-5 

... 2T 

0 

4-bore, 14(lrs 

.. T7 

... 2-4 

... 1*9 

0 


With regard to the point-blank range/^ I think that, 
with spherical-ball rifles, the distance should not be much 
more than the bullet would travel in the fifth of a second. 
This would allow for a drop of about 8in., and the trajectory 
would be very similar to that of the 4-bore just given. 
Adopting this time limit, the point-blank range of the 
12-bore rifle above mentioned would be about 75 yards with 
4drs., 83 yards with odrs., 90 yards with Gdrs., and 95 yards 
with 7drs. ; while the 10-bore and 8-borc (with lOdrs.) would 
be about {^3 yards, and the 4-bore about 97, With the 
jHxpress rifle, however, as the bullet loses its velocity less 
rapidly, and the trajectory is consequently flatter, the time 
limit need not be so short. 

In making use of the term point-blank,^^ in the foregoing 
remarks, I do so in consideration of the fact that it is com- 
monly used by sportsmen, and in order to show in what sense 
it is employed by an acknowledged authority on sporting 
rifles. Capt. Forsythes definition, however, is by no means 
of universal acceptation ; and, indeed, no definition is 
generally accepted. It was stated in the daily press last year 
that a newly-iiivimted rifle had a point-blank range of 900 
yards ! (Jeiieral Lefroy recommended, some years ago, that 
the use of the term should bo abandoned ; and such has been 
done of late in military books. 

Trajectory op Match Rifles. 

As to match rifles, the following article, from a great 
authority on the subject, is so complete, that it is desirable to 
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reprint it in full. It originally appeared in tlio New York 
Spirit of the Times of April 13, 1878. 


TEAJECTOEY OF THE MODEEN MATCH EIFLE. 

By W. E. METFOED, C.E. 

In treating of this very interesting branch of giinuoiy, tht* wi'it(‘r 
will not refer to any older views based on the s]>herical lmlli*t, for 
air resistance with such a bullet is so heavy that practically long 
range was ever out of the question. 

When the use of a solid bolt in the jJace of a short (*onoidjil 
bullet, and about 2^ diameters, was introduced, guuuers bt‘gau to 
get to ranges whicdi naturally brought the question of traji*ctorv 
j>rominently forward. Since then Sir Jostpli Whitworth iiicri*ased 
the length of the rifle bullet to nearly its pr(*sent amount, aud it 
appears that gunners have now arrived to a final ]»ro])ortion of 
diameter to length of about 1 to 3, with a weight of from 540 to 
550 grains. With this projiortion of bullet all the modern shooting 
is l)eing perfonned; and it is with the trajectory of this bulh‘t, 
therefore, that the writer will deal. 

Before, however, entering into the trajectory of the jnvsent 
bullet, it may be as well to point out that, ev(n with sui‘h 
trajectories as given by the old English Enfield mushet, tli(‘re was 
none of that very rapid sharpening of the curve of tin* trajectorv 
which it has been the fashion of writers to ]>ourtray in tlu‘ir l)i)ohs ; 
for instance, the Enfield, when l(»aded with the cartri<]ges best 
adapted to it, had its culminating p(»int l;mt just 5U yards beycuid 
the half way for the 1000 yards, and the s1oim*s of its falling into 
the target were, for the longer ranges, with the very lx*st fn-sh 
cartridges, as follows : — 


600 yds., 1 foot in about 27 feet. 

700 „ 1 „ 20’ „ 

800 „ 1 „ 16i , 


900 yds., 1 foot in about 13i feet. 
i(>90 „ 1 „ ir „ 


And its angles -were, with such cartridges, as follows ; — 

100 yards, about 12 ' 0 " i COO yards, about 1 " 40' H" 

200 27' 2" I 700 :i' 4 '' 

300 „ 42' 9" I 800 „ 2" 2!)' 0" 

400 „ 1" 0' 2" : 900 „ 2" 57' 

500 r 19' 2" ! 1000 3" 28' 4" 

and this trajectory was produced with a Muff, short wood- 
plugged bullet of 530 grains and 70 grains of jiowdcr, and having 
a computed initial speed of about 1 ICO feet i.(;r second. 
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The match rifle — which the writer takes to be the f^illest expres- 
sion of a first-rate modem long-range small arm — when charged 
with 90 grains of the English jiowder of Curtis and Harvey’s No. 5 
or No. 6,* will drive a 540 grains bullet at the rate of about 1400 
feet per second out of its muzzle. 

In treating of trajectory, it would appear to be the best way, 
first, to point out that, if there existed no air, the bullet, fired at 
any given angle from the horizontal would fall into the target at 
its initial or muzzle speed, f and the angle* of the inclination of the 
fall in of the bullet on the target would be precisely equal to that 
of the inclination of the bull(*t’s path in its issue from the rifle’s 
muzzle ; and, secondly, to point out that the curvt* of the bullet’s 
path would be a parabola of which the apex would be the half-way 
Ijoiiit. Now, when the curve happens to be a very short ]>iece of a 
very flat i)arabola, it may be held to be, for all ju'actical j>urpos(*s, 
equal to a short piece of a very large circle and, again, for curves 
where the height of the trajectory bears a small pro])ortion to the 
length of the arc, it may be taken as sufficiently correct that the 
distance round the arc is equal to the length of the straight or lye 
line. For instan(*e, the difference, as computed, is about a foot, 
with the flat curves of the modern rifles, for the 1000 yards range. 

If the above positions be granted, ihen, where there is no air 
existing, we may use the ]»robleni of Euclid III. XX., which 
indirectly proves that equal portions of a cinailar curve will give 
angles equal to each oilier from any position on the cuiwe itself. 
For example, to put the ])oint into a practical fonn, let a man, on a 
piece of level ground, put up a theodolite (an instrument many 
readers will know is for setting off, and also for taking angles) 
exactly over a ])eg, and having set out, with the aid of assistants, 
a truly straight line for 1000 yards, at each 100 yards let him 
drive in a peg truly in the line. Let him then set off from this 
lino any given angle, such as, say S.V, by the aid of the instrument, 
and get his assistants to measure out 100 yards alongside the 

* With the Hazard powder (American) about lOG gra. aro required to attain 
this speed. 

f In the ascent to its culminating point the bullet would lose speed, but this 
loss would be exactly balanced by the gain in the descent from this highest point 
of the trajectory. In cases such as the modem rifle’s bullets give, this loss and 
gain may be, for the ranges in use, safely ignored. The writer will, tliroughout 
this article, assume the 1000 yards to be a true plane. 

X In all that concerns the curves here treated of they would coincide within 
Bomo fractiouB of an inch. 
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straight line already laid out ; let a pole lie ranged by tlie aid of 
the cross wires in the telescope of the theodolite at this 100 yards 
and left there (this would be a position about nine inches from the 
first peg on the straight line already set out) ; let the same thing 
be done again, that is, another or in toto 17' of angle, be set 
off, and another 100 yards measured and poled (this would be a 
j-iosition of inches from the second peg on the straight line), 
and so proceed, adding the 81' each time to the angle and putting 
uj) a pole, and so on to 1000 yards. The operator would then 
have set out a truly circular curve together with its tangent. 

He would also find, if he measured, from the last pole on this 
curve in a straight line back to the theodolite, in fact on the chord 
of the arc, that the distance would be 999f yards, that is if tlie 
measurements were made throughout with such an uiistretchable 
thing as a steel tape, and aU very carefully indeed ; and he wt>uld 
also have the natural curve that a mat(^h rifle bullet would make if 
the curve could be put in a horizontal j)osition, and if the bullet, 
had been projected mto a vamivm. If this is the case, then the 
actual difference or angle between this and the actiial curve is due 
to the air resistance retarding the speed of the bullet, and thus 
giving more time for gravity to act, and so coercing the bullet into 
making not only a coarser curve, but a curve raj>idly altering its 
pitch. For instance, the writer finds, as already stated, that where 
the speed is 1400 feet per second, and where about S V of angle 
would in vacuo be the angle of elevation for 100 yards, and 
8J' X 10' would be the angle for 1000 yards, the radius of such a 
curve would be 20,222 yards, or Hi miles, whereas, as matters 
stand, the radius of any part of the actual curve would be ; 


At 50 yds. (or the mean between 0 yds. and 100 yds.), about 18,000 yds. 

At 150 „ 16,000 

At 250 „ 14,040 

At 350 „ 12,510 

At 450 „ 11,270 

At 550 „ 10,260 

At 650 „ 9^420 

At 750 „ 8,700 

At 850 „ 8,000 

At 050 „ 7^r,(;0 

At 1050 „ 7^000 


Now, all this is to be easily computed from the actual angh?s 
as ascertained — first, by much shooting in good weather, and, 
secondly, by computing a table of angles which will fit fairly 
accurately the mean of such shooting, of which more further on. 
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The sights of the writer’s rifles have ever been divided in terms 
of the great circle — that is, instead of putting on an arbitrary- 
scale, where the angular value in rise, usually the hundredth of an 
inch, varied as the distance between the sights varied, a scale was 
put on of such a character that, whatever the distance between the 
sights might happen to be, the dividing of the scale should be 
such that, first, it should invariably give but one angular value, 
and, secondly, it should be that same angular value which has been 
universally recognised as the standard for all angle-taking instru- 
ments ; thus the rifleman would be, in conversing about his sights, 
speaking a language universally accepted by scientific men. 

Such a system involved, of course, giving up a simple value per 
inch, as, for example, the one-hundreth of an inch, or one inch, and 
also involved cutting the scales in a definite relation to the distance 
between the two sights, or what is called the radius. The reader 
will now perceive that his sights are in fact neither more nor less 
than a piece of an extremely large theodolite or angle-taking 
instrument,* and that he therefore is able to ascertain with it the 
actual angles of the projecting instrument to which it is attached — 
that is, the barrel. 

It has been the custom for gunners to ascertain their trajectories 
by erecting screens, covered with tissue paper, at intervals along 
the track of the bullet. This method, available without much 
trouble for short ranges, becomes difficult with the larger ranges. 
It is o])en to objection, too, that the bullet, in passing through any 
substance, however thin, not only receives a check, but also is liable 
to the ])ossibility of deflection. The first objection is the most 
im])ortant, and the time alone it takes makes it objectionable. 

But why should any such trouble be thought necessary when, 
with the modem sights — actually a perfect bit 0f a very large 
theodolite — the entire path of the bullet can be calculated with the 
most ])erfect certainty and rapidity. Or, if a gunner dislikes 
figures, he may, as has bi'cn already pointed o\it, lay the entire 
curve out on a flat meadow, either with a good theodolite, or 
even with the rifle sights themselves, with the rifle laid horizontally 

* The circles of all angle-taking instruments, as is well known, are divided 
into 3(>0 degrees, and each degree into GO minutes, which would give 21,000 
minutes for the whole circle. The value is given in minutes, as, for small 
angles, it is sometimes preferred to have their values stated in minutes, instead 
of degrees and minutes. For instance, the 1000 yard angle can be expressed in 
degrees and minutes — ^thus, 2° 15', or in minutes alone, 135'. 
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and rigidly fixed. He may do exactly as the writer has already 
ponrtrayed, except that, instead of setting off 8^', he sets joff the 
table at angles of his rifle. He will thus have his trajectory laid 
flat on the turf. He can ascertain the trajectory by actual measure- 
ment, for any range and at any part of the range. He can, if he 
has not 1000 yards of turf at hand, do it to say a half, third, or 
quarter scale, or even a tenth or twelfth scales, if only 100 yards 
are available, and multiply his values by twice, three, four, ten, t>r 
twelve times, as may be, to procure actual values ; and with regard 
to, say, a tAvelfth scale, there is the convenience that the oj^erator 
could lay out the entire curve in less than 100 yards ; and, with his 
offset rod divided to inches and twelfths, he would be able, without 
much walking, to ascertain his values at once, substituting feet for 
inches. 

If, however, a gunner desires to ascertain his trajectory heights 
by computation — and of course this is the most accurate and 
quickest method, for he will escape the chance of errors in setting 
the lines out (a process requiring care and skill) — he will proceed 
thus : Let it be supj^osed that the rifleman desires to ascertain the 
path the bullet makes for 1000 yards. The zero of the scale 
of his rear sights, divided to degrees and minutes of the great 
circle, has been ascertained to be correct, by shooting at, say, 
12 yards,* with the Vernier at zero, and seeing that the bullet 
centre is just as much below the centre of the small dot he shoots 
at, as the eye line is above the axis of bore, plus the one-eighth of 
an inch which must l>e added for gravity ])ull acting during the 
time the bullet is travelling the 12 yards. Let his rifle, under this 
condition, be assumed to give the following angles : 


1 00 yards 


200 

300 

400 

500 


>> 


9' 

coo yards ... 

... r 09' 

19' 

700 „ ... 

... r 24' 

30' 

800 „ ... 

... 1"40' 

42' 

000 „ ... 

... l'"57' 

55' 

1 1000 

... 2Mr/ 


84 ' 

100 ' 

117 ' 

i:tr/ 


Now, when shooting at 1000 yards, the bore of the rifle, at the 
instant the hi^et is passing the muzzle, will have to ],oint at an 
angle of 2 15 (some persons prefer to omit the use of degrees, and 

record the angles in minutes only), or 135' above the centre of the 
bull s-eye. 

This is the first position. Now let a ease be assumed. Say it 


• Twelve yards is a oonvenient distanoo, for reasons sUtod further on. 
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is required to compute the heights of the trajectory for every 
hundrtjd yards along the whole range to 1000 yards, beginning at 
the j)osition of the first 100 yards. On examining the table, it is 
clear that the bullet (neglecting the little difference already 
referred to, caused by the c‘yc line and the bore line not being quite 
coincident),* had there been no gravity pull, would have kept 
along the 135' line ; but gravity has had time to pull the bullet 
down 9' by the time it has got to the first 100 yards, therefore the 
bullet would actually pass below the 135' line this 9', or 126' above 
the eye line. And boc^ause at 100 yards 1' equals 0*0873 of one 
foot,t therefore 0*0873 x 126 ft., which equals 10*99 ft., is the 
height the bullet passes at 100 yards above the eye line. 

To repeat the process, substituting the different distances along 
the ranges for the 100 yards : — 


Yards. Foet. Times. Feet. 

200 135' - 19' X 0-0S73 x 2 = 20-2 

300 133' - 30' X 0 0873 < 3 = 281 

400 135' - 42' X 0-0873 < 4 = 32-4 

300 135' - 65' X 0-0873 < 5 = 34-9 

600 135' - 69' X 0-0873 < 6 = 34-5 

700 135' - 84' X 0-0873 < 7 = 31-1 

800 135' - 100' X 0-0873 < 8 = 24-4 

900 135' - 117' X 0 0873 c 9 = 141 

1000 135' - 13.5' X 0 0873 c 10 = 0 0 


* To bo very accurate, to these angles should be added the angular value 
which the fact of the eye line being above the bore line demands. This would 
give for 100 yards 9' + about 1', for 200 yards, 19' + i', and for 300 yards 
30' + and so on. 

f Should the computer prefer the values to be in inches, he would have to 
substitute 1 0472iii. for 0'0873ft., for the value of 1' of angle at 100 yards. It 
has been already stated there are 21,600' in the circle; the value of l’0472in., or 
0*0873ft. is, therefore, computed as follows : What is the value of 1' of angle at 
100 yards in actual measuromont ? There are 21,600' in the circle, and the 
radius is 100 yards ; all, therefore, that has to be done is to find the feet measure- 
ment of the circumference of this circle, and ilivide by 21,600. The ratio of 
circle and radius being 6’2832, these last figures of the ratio must be multiplied 
by 100. This e<iuals (>28*32 yards or 1884*96ft., and is the length of the circle 
round ; and 1884*96 -i- 21,(>00' = 0*08726ft. per 1', &c., and if inches are preferred, 
then these last figures multiplied by 12 will give the value of 1' of angle, or in 
imdies 1*0472 nearly. Call it, when feet are required, 0*0873, and when inches 
are required 1*047. Of course, unless great accuracy is required, 0*087 and 1*05 
will give close results. 

For rough computation, lin. for I'at 100 yards will be sufficiently near to give 
results. To bo aeemrate, lin. equals 1' at 95*49 yards. The same values can bo 
computed with a tal)le of sines. And here it is as well to bring to the recollection 
of those who are conversant with such tables that, for small arcs, say to 4"^, it 
may be reckoned with perfect safety that the arcs can be practically taken as 
equal to either the chord, sine, or tangent. 



192 THE MODERN SPORTSMAN'S GUN AND RIFLE. 


Here the last column ■will represent the exact heights of the 
curve at every 100 yards along the range from the line of sights 
or eye line.* 

Again, let it be required to find the highest point in the curve. 

By inspecting the last column it will be seen at oiu^e that this 
point must be somewhere between 500 and 600 yards, and probably 
between 500 and 550 yards. It shall be assumed that 540 yards 
will be the place. Now the angle for 540 yards must be computi'd. 
At 500 yards it is 55', and at 600 yards it is 69', or a difference of 
14'. It is not strictly correct to divide proportionately by the 
distance, but as it only involves an error of one-eighth of a minute 
at the half way, it may be done without fear. If this be done, the 
angle at 540 yards will be 60' 6", say 60' 5", which is really more 
correct. Thus, for 540 yards, 135' — 60' 5" x the 0*0873 x 5*4 
times = 35*073 feet. The question now comes, is this the highest 
point ; if not, which side of 540 yards is it ? The thing, 
therefore, will bo to try one side of 540. Let 535 yards be taken. 
For this distance 59'*9 will be the angle. Tht*n for 535 yards it 
wiU be 135'— 59'*9 X 0*0873 x 5*35 times = 35*0758 feet. 

Clearly this is a very small trifle higher than 35*073 feet, and 
thus the point is between 535 yards and 540 yards, and probably 
near enough for general purposes. t If it should l)e desired to 
determine it closer, each yard could be comjiuted — actually the place 
is between 535 and 536 yards — thus the entire trajectory values, 
yard by yard, if necessary, can be computed from tlu^ sight 
elevations "with an accuracy and a certainty far surpassing screen 
experiments, which arc subject to the variations of each shot, as 
well as to the drawbacks already mentioned, and also with a 
freedom from the errors which will arise even with experienced 
users of the theodolite. The latter plan, it is true, places the 
whole affair, especially if it be done on a tenth, or some such scale, 
as it were before the eyes, at one single grasj) ; but, excepting this, 

* It will easily be nnderstood that if it be desired to compute the heif^hts for 
any other trajectory, as, say, for 000 yards, all that is necessary will bo to 
Bubstitute for 135' the 600 yards angle of 60'. 

t To give an idea of the flatness of the curves, tills short table is appended : 

534 yards 35*07552 537 yards 35*07571 530 yards 35 07450 

535 yards 35*07583 538 yards 35*07523 540 yards 35 07304 

536 yards 35*07589 

Prom this it will be seen how many figures of decimals it requires to detect 
the exact point. 
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calculation is by far the better plan where very accurate values are 
required.* 

With regard to the computations, it will be seen that simple 
arithmetic is sufficient to insure perfect results, and those who are 
conversant with that very simple thing, the slide rule, may get 
close enough results to serve every common purpose. 

With regard to the table of angles and their method of con- 
struction, the first thing the writer has always done is to shoot his 
rifle at 12 yards (a mere convenience as regards the distance — the 
1' of angle at that distance is one-eighth of an inch, which all foot 
rules give.) He shoots at a row of dots, say five, first one shot, 
with the sight at a guess position — ^the sight not being divided. 
The shot ought to strike the difference between the axis of bore 
and the eye, or sight line, plus the drop by gravity, which is an 
eighth of an inch for twelve yards, when the speed is about 
1400 feet per second. If it does not strike this much below the 
dot — and the chances are it will not — then the error between the 
place where the buUet should strike, and where it actually does, is 
measured in eighths ; and as eighths are equal to minutes, the slide 
caiTyiug the aj[>erture is screwed up or down, as the case requires, 
the number of minutes wanted to make the bullet strike where 
it should — ^which can be done by compasses stepping off the 
amount from an already divided sight borrowed from a similar 
rifle. After a shot or two to verify, a pencil line is struck 
across, and the divisions and Vernier cut. The Vernier should 
have the power of shifting 10' or more. The rifleman will verify 
the truth of the Vernier position, of course. With the sight so set, 
the rifleman shoots in all weathers at enough ranges along the 1000 
yards to enable him to get the angles on which he may eventually 
base his tables. 200, 500, 800, 900, and 1000 yards would be 
enough. If possible, say ten shots at each range should be made 
in one day. Now, it is clear, from what has been said, that as the 
bullet flies along, the resistance of the air checks its speed, and, 
therefore, gives more and more time than if there was a vacuum 
for gravity to act. The curve must therefore get coarser and 
coarser, and the angle more full, for every hundred yards ; and that 


* Any man aoonstomed to make veiy accurate drawings could plot the curve ; 
hut it would he bettor to plot it from the calculated heights than to depend on 
even the very best protractor — ^the angles are too fine. A scale of 100 yards to 
the foot, using a 30 scale, would be found convenient. 


O 
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fullness of angle will decrease in some definite way, and not some- 
tmes faster and sometimes slower. 

This increase, too, will depend for its value not only on the mass, 
but on the proportion of the diameter to the length of the bullet, 
&c., also on its speed. 

Fortunately the increase of the angle for each 100 yards for the 
match rifle is so exceedingly nearly one minute of angle, that if a 
minute be taken to represent the air retardations no error of any 
possible moment will obtain. 

AU that remains to be done is to hit on some starting angular 
value, which, with the additional minute for extra value due to air 
resistance increasing the time gravity has to act, will fairly fit the 
mean of observation throughout. 

Now this angle which is wanted may be really got at through the 
speed. The writer possesses a ballistic pendulum, and is able with 
it to ascertain this speed by the well known gravity formula 
(fall = 193 inches x time-)* and reducing it to angular value. At 
the best speed it comes out that it is over 8' — call it 8' ; and, as the 
retardation equals, the writer finds, all but 1', this makes 9'. 

And thus the scale is built as follows : — 


Yards. 


Diff. 

Diff. 

Yards. 


Diff. 

Diff. 

0 

0' 

— 

- 

700 

1°24' 

15' 

1' 

100 

9' 

9' 

- 

800 

l“40' 

16' 

1' 

200 

19' 

10' 

1' 

900 

r57' 

17' 

1' 

300 

30' 

11' 

1' 

1000 

2“ 16' 

18' 

1' 

400 

42' 

12' 

1' 

IKK) 

2'^ 34' 

19' 

1' 

500 

55' 

13' 

1' 

1200 

2° 54' 

20' 

1' 

600 

1° 9' 

14' 

1' 






This scale, which may be called A., is, the writer finds, available 
for weather giving the flattest trajectory ; but he also has scales 
B. and C. for weather not so favourable. There is, too, some 
slight difference in rifles, and in muzzle-loaders especially, wh(m a 
large nipide-hole will let more gas escape thaiT usual. Powder, 
again, varies a rifle. 


* Fall equals 193 inches x square of time. Practically applied it wonltl })o 
so. Say 1420 feet per second initial speed of bullet, what is the fall dm* to 
gravity at 100 yards P 100 yards = 300 feet ; then as 1420 feet is to 300 feet 
BO is 1 second of time to 0*2113 nearly seconds of time; that is, thin bullet 
would, in vacuo, have passed over the 100 yards in 0*2113 seconds *2113 x 
^ 7 » multiplied by 193 8*614 inches, which at 100 yards 

will, at 1*047 incheB to the minute, give 8*22 minutes. ^ 
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They are as follows : * 


Yards. 

A 

Diff. 

B 

Diff. 

C 

Diff. 

100 

9' 



94' 



9^' 

___ 

200 

19' 

10' 

19i' 

loi' 

IH' 

20'“ 

101' 

300 

30' 

11' 

30J' 

... 31.^ 

iiy 

400 

42' 

12' 

.... 43' 

12i' 

44' 

121' 

131' 

141' 

500 

55' 

13' 

5Ci' 

i3y 

... 57i' 

... 1°12' 

600 

... 1° 9' 

14' 

rio^' 

14i' 

700 

... r24' 

15' 

.... r25r 

isi-' 

... 1°27^' 

151' 

800 

... 1”40' 

16' 

1°42' 

icy 

... 1°44' 

161' 

900 

... 1°57' 

17' 

r59^' 

17i' 

... 2" U/ 

171' 

1000 

... 2° 15' 

18' 

2°17i' 

1 8 V • • • ■ 

... 2° 20' 

181' 

19.1' 

201' 

1100 .... 

... 2'’ 34/ 

19' 

2° 36:*' 

19i' 

... r 391' 

1200 

... 2° 54' 

20' 

2^ 57' 

20i' 

... 3^ 0' 


The writer here points out that, in the construction of the scales 
B. and C., proi)crly the value 1' should alone be altered if it be the 
alteration of air resistance only which is the cause of the alteration 
of elevation for the same ranjjfe ; whereas he has kept to the 1' and 
reckoned as if the initial spijed alone had altered. But the fact is 
that, being desirous to keep to angles not involving endless 
decimals, he found he could assume an alterationf in the initial 
speed of a trifling amount, and still no error of any practical value 
for such ranges as are shot at would arise. In fact, the value of 
the 1', slightly too favourable for B. and C., would balance, for 
these ranges, the error introduced into the speed. 

There is a further item in this interesting branch of gunnery to 
be considered, and that is the loss of initial S 2 )eed j^er 100 yards, 
due to air retardation. 

There are difliculties attending the solving of this j)roblem. 

If, while the air offered resistance to the forward flight of the 
bullet, it offered none to its fall, the 2 >robleni -would be easy ; but 
not only does it offer resistance, Imt this fact has been brought to 
light, that a body falling in undisturbed air will act differently 
from what it would in disturbed air. 

A body falling, and having at the same time no fonvard move- 
ment, will, as it falls, pack the air under it, and so disturb l)efore 
it actually gets to it, whereas a body, with a forward movement, such 
as a rifle bullet, will enier into new and therefore undisturbed air. 

The writer’s ballistic pendulum unfortunately has always been in 
a i)Osition not to be available for the actual values to be aseer- 


* Scale A. is again entered, so that the difference may he seen without a hack 
reference. 

t Such an alteration of speed can, indeed, occur. 

o 2 
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tained ; he hopes, however, to be able to rearrange its position, and 
accomplish this, but he computes that, taking the A. table of 
angles as a basis, and about 1400 feet per second as the initial 
speed, as it in fact is, the loss of speed will be represented by tlie 
following table, as calculated from those angles. Nevertheless tliis 
must be said, that it is a computation alone, and on a certain 
assumption which involves a possibility of error. 

The wi'iter, therefore, only gives the table for what it is worth, 
for he has a strong belief, which it is hoj)ed will be soon vt‘ritied 
by actual ballistic experiments, that the loss is not so great as tlie 
table gives. 

Distance. Volocitj. | Di.stanco. Volt. city.* 

0 yards, 1400 foet initial speed. f»0o yard.-*, S22 feet initial speed. 


100 

„ 1255 

7(K> ,. 

709 

1 f 

200 

„ 1130 

800 „ 

723 


300 

„ 1037 

900 

0S2 


400 

„ 954 

1 1000 „ 

045 

n 

500 

„ 883 „ 

1100 „ 

oil 

a 


There is a very apparent disagreement between two statements 
made in this paper, the one being tliat the highest part of the 
trajectory is not greatly over the half way, and the other that the 
speed at 1000 yards is not half the initial speed. One would ]>c 
led to infer, from the great loss of speed, that the high(‘st point 
would be more like at two-thirds of the range; but it ha]>pens that 
the falling of the bullet by gravity is also checked by the air 
resistance, and much more heavily than it wouhl be if it fell with 
its nose pointing downward. In fact, it falls broadside, and tlius 
is in its best attitude for the air resisting its gravity velocity — a 
fortunate event, for otherwise the trajectory would be far coarser 
than it now is. 

As the jKjsition of the bullet ox»]>osing its broadside in its gravity 
fall to the air has been referred to, the writer takes the oppor- 
tunity of pointing out that, though in vacuo the axis of tin* bullet 
would undouljtedly keep parallel to the initial line, in air the axis of 
the bullet most certainly keej^s tangential to the trajt‘ctory (.-urve, or 
so nearly so as to be considered tangential. This fact be has many 
years since ascertained l)y direct experiment, and this has since 
been verified by the Wool^dch gunners, by <‘xaiiihiiiig the position 
of the six hundred [Kjunder i»rojectiles in tlnnr flight. 

* In thiH table decimalH have been omitted, and the iioareBt Utoi the calcula- 
tions give, taken. The strings of decimals wore interminable. 
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It is rather beside the present position of the loss of initial speed 
of the match bullet to give tables of the loss of such speed in other 
bullets, but it may exemplify the massiveness of the air resistance 
to introduce two tables, computed from actual pendulum experi- 
ments with Express bullets. 


110 ffrairiB powdor, Curtis & Harvey, 

309 grains bullet, *451 diameter. 

Initial Speed 

Yards. in Feet. 

0 1913 

110 grains powder, Curtis & Harvey, 
366 grains bullet, *451 diameter. 

Initial Speed 

Yards. in Feet. 

0 1765 

25 1783 

25 1674 

50 1073 

50 1592 

75 1.578 

75 1518 

100 1474 

100 1449 

125 1418 

125 1384 

150 1347 

150 1323 

175 1280 

175 1276 

200 1217 

200 1223 


These bullets it will be at once seen are short in length, in fact 
tLt‘y are, as already stated, for Express rifles : it exemplifies the 
uiidesirableness of carrying the Express system too far, and also 
illustrates the point now in treatment. 


Appendix. 

It may be interesting to those engaged in gunnery to examine 
the following table, which the writer has drawn up for his general 
guidance. 

It gives for the tw^o columns, the proportions of bullet and 
powder, and the third column the resulting initial speed. 

It is found that these velocities arc fairly sound for all usual 
small arm work, that is, for bores varying very largely, and of the 
usual length, and also for charges varying very largely. In the 
length case about eighty times the diameter of bore has been 
taken : where there is a shorter length a little loss of force will 
obtain, and vice versa. 

In fact, it is a vm-y good general table for breech-loaders, and 
rather too favourable for muzzle loaders, say about 25 feet per 
second. 


Lead. 

Powder. 

Velocity. 

Load. 

Powder. 

Velocity. 

2 .. 


... 2260 

5^ ... 

1 

.... 1479 

aj .. 

1 

... 2000 

6 ... 

1 

.... 1425 

3 .. 

1 

... 1850 

6.^ ... 

1 

.... 1374 

3i .. 

1 

... 1750 

7 ... 

1 

.... 1326 

4 .. 

1 

... 1670 

n ... 

1 

.... 1280 

^ .. 

1 

... 1600 

8 ... 

1 

.... 1236 

5 .. 

1 

... 1537 
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There is a curious anomaly worth mentioninli: in rolation to tin? 
zero of rifles. It is this, that if a thorouglily accurately-inade 
pin-hole plug be entered into the bret'ch end of any rifle, the 
construction of wliicli permits the eye to see through tlie 
baiTel, and also an aperture ]>liig be enter(‘d at the muzzle; and if 
the rifle is then pointed, with its sights set to the zei\), asetTtained 
by shooting at the 12 yards, at any object, say at 100 yai’ds olf, 
and if then the line of bore be examintHl — it will Iv found that 
there is a very great difference betw(‘en the two liiu‘s, insb'ud of 
there being only about tlie inch the eyt* lim* is abovi‘ tin' bore line. 

It happens in all rifles, more* or less, and in rifles with tlu‘ long 
fore-end, such as military rifles, the removing the fore- end increases 
the amount considerably. 

A rifle, however, having an short barn*! does not (*xhibit 

this anomaly. This peculiarity will develoj^ V(‘rtically if the rifle 
be shot as usual, but horizontally if the rifle be fired lioriz on tally. 

The best -way to develop this fact is to shoot at such a distance 
as not to mix up the gravity pull with it, say at 25 yards, wdieii 
the fall is half an inch only. 

The anomaly is no doubt dm* to the total mass of the rifle* l)eing 
non-coincident with the axis of the* bon*, and on the jerk of n*coil 
being given (it is like a shar]) blow to the riflt*, as it hap])ens in 
less than second), the rifle, instead of a true recoil, has 

imparted to it such a motion as evt*ntually causes the muzzle to 
jerk up, but of which the first result is to set u]> a distinct bend of 
the barrel itself, actually for(!iiig tin* muzzle flo/ru hrlow its original 
line. 

It happens that at just about this moment the ludlet ])asses the 
muzzle, and so it strikes loirer on tlie targ(*t than if th(‘re had Iwen 
no such acti(»n. In fact, it is simihir to the action of a fishing-rod, 
which, if watched while a “ strike’’ is being made, will exhibit, some 
way three-quarters up, a mmtral point, abov(* whicli the r<»d will 
actually move the contrary way for a short time, before the rrst of 
the rod drags this upj»er part back. 

It is easy to coirijirehend this objection, that the barn*l, 
esj>ecially of a match rifle, is t<x> stifl* to allow of this; but, first, 
it is the fact that such a barrel can be easily sj>riing, even with the 
two hands, a very eytjable amount out <>f truth (of course it gews 
back again), and that the j<,*rk of the kick is in actual fact like the 
blow of a hammer. 

With regard to the improvement of trajectories, the writer does 
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not feel that much more can be done to improve them under the 
terms of the weights and charges used. 

No doubt with a heavier rifle more may be done ; for instance, 
the writer has 151b. rifles requiring, for 500 yards, 45' ; for 1000 
yards, 1° 55' ; for 1500 yards, 3'^ 25'; and for 2000 yards, 5° 17'; 
the initial speed being about 1565 feet per second, but this only 
because these rifles are “a little bit longer — a little bit broader — a 
little bit deei)er ” — than the usual match rifle, which requires about 
at 2000 yards, and the weight of the bullet and powder in 
j)ro[»ortion. 

But the trajectory of the match rifle as it stands is very small. 
Let the reader contemplate some of tlie older curves. The English 
Enfleld musket of 1854, for 1000 yards, under its very best con- 
ditions, gave 3J°, and with common cartridges 3^^. 

Th(i writer’s own angles, in 1852, at that range, were worse. 

General Jacobs, whose name has been well known in relation to 
long ranges, was satisfied with very coarse angles ; and, though the 
writer cannot at the moment of writing state what his angles were 
at 1000 yards, he has found it stated that one of Jacobs’ rifles, of 
14111). w<*ight, especially built for 2000 yards range, required 
12^ 30' of elevation for that range, whereas, as has been just 
stated, oven the 101b. match rifle, with its usual charge, only 
requires about It is probable that the rifle above referred to 
as requiring 12^ 30' for 2000 yards, would demand over 4" for 1000 
yards. 

In conclusion it must be admitted that, in studying that branch 
of gunnery of which this pai)er treats, a very large field of interest 
is oi)ened to the rifleman, which, while it cannot but make him a 
better marksman, must vastly increase his grasp of the subject, and 
his interest in its higher branches. 




CHAPTER VII. 
RECOIL. 


The recoil of the gun appears to me to consist of two distinct 
portions, although closely connected ; and, for the sake of 
explicitness, they may be described as the initial recoil and 
the ’kick. The former is a process of gradual development, 
brief as is the period of action. Until a certain amount of 
force is generated there can be no movement whatever. As 
soon, however, as the shot begins to move forward, the gun 
(unless fixed) would move backward — slowly at first, but 'with 
gradually increasing speed as the shot increases in velocity. 

On the shot reaching the muzzle, the circumstances 
undergo a marked change. The initial recoil ’Miad been 
gradually increasing as the shot moved faster and faster up 
the barrel, but now it receives a sudden additional imiiuLse ; 
for hitherto the backward pressure of the gas on the breech 
had been in great measure counterbalanced by its forward 
pressure on the projectile ; but the counterpoise being lost as 
the shot loaves the barrel, the full force of the gas takes 
effect on the breech, and hence it is that the kick is so 
sensibly felt. 

During the progress of the shot up the barrel the gas- 
pressure operating on the breech had not been wholly 
engaged in producing recoil, because other work had been 
going on which to some extent counteracted the tendency of 
the breech to move backward. Thus, brecjch and liarrel 
virtually form one wh(ih*, the breech being no more able to 
retreat without the barrel than the barrel can run forward 
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without the breech. The force of the gas, however, is 
exerted, so to speak, in an endeavour to move them in 
opposite directions ; for when the shot is driven forward, it 
would, by reason of the friction, carry the barrel forward 
also, just as a tight-fitting mass of tow on a cleaning-rod, on 
being forced into the bore, will carry the barrel with it 
unless the latter is firmly held. Accordingly, the force of the 
powder-gases engaged in pushing back the breech of the gun 
is diminished in effect by so much of the forward pressure as, 
in the form of friction, is tending to drive the barrel forward. 

Besides this friction, however, which has to be overcome, 
and the weight of the shot which has to be moved, a con- 
siderable proportion of the work to be done by the powder- 
gases is the ex])ulsion of the column of air in the barrel, 
which, especially as the shot approaches the muzzle, must 
offer much more resistance than the shot itself. 

When the fehot reaches the muzzle of the gun, a sudden 
relief occurs at one end of the barrel while the gas pressure 
is still ill action at the other. The comjiressed air is expelled 
from the barred, and the frictional resistance and projectile 
are removed simultaneously ; the pressure of the gases being 
thus exerted unchecked upon the breech, gives a strong 
additional impulse to the slow-growing initial recoil, and the 
movement of the gun culminates in the Icicle, 

Equal muzzle velocity in shot may be produced by very 
different powd(*rs ; and that which, by evolving its gases most 
rapidly, exi»rts greatest pressure at first, diminishes soonest 
ill force as the shot moves up the barrel, and exerts least 
pressure when shot and gun part coiujiany. The quick-burn- 
ing powder would thus give greater initial recoil and less kick. 
The initial pressure against the shoulder, being in the nature 
of a comjiaratively slow push, would in many cases probably 
have an effect similar to that produced by holding the gun 
with a very firm grip — the sensation of the kick would be 
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lessened, and, the contrast between the two portions of tlu^ 
recoil being less sharply defined, the shoulder would be 
relieved from the effect of the kick to a greater extent than 
could be explained by mere difference of monientuui. 

It is probable, however, that the increase in the initial 
recoil, in consequence of the powder being o£ a rapidly- 
explosive character, or in consequence t>f tlie eiu'rgy of tli<‘ 
powder being enhanced by the increased weight of a heaw 
projectile as compared with a light one, may have a coiisidc!-- 
able effect in the accuracy with wliieh a ritle will .Nhc>ot. Tin's 
initial recoil may in some measure account, ])crliaj).s, for the 
jump’^ or muzzle disturbance in rifles. 

Estimation of Eecoil. 

One frequently hears that — action and re-action being 
equal — the velocity of recoil and the velocity of the shot 
leaving the muzzle must be inversely proj)orti(jnato to the 
weight of gun and shot, so that, if the gun bo lOU times as 
heavy as the shot, it will move backward witli ti hundredth 
part of the speed Avith Avhich the lu-ojectih* moves forward, 
^o doubt such might be the case if j)roj(*ciil{*s received tlu'ir 
imjmlse at the muzzle of the gun, and start (‘d oiT, Avitliout 
any preliminary progression, like a cljampagno cork from the 
mouth (if a bottle ; but, inasmucli as project iles have? first to 
make their way through gun-barrels, avc must take into (‘on- 
sideration the circnmstances which aiisc* during the time* tliat 
the shot is passing from breech to muzzle. 

We do not nowadays accept the statement that the more a 
gun kicks the harder it must shoot, yet that would a))pcar to 
be a logical sequence of tlic commonly-accejited docli-ino tliat 
the momentum of the projectile is equal to tlio momentum of 
the gun from which it is fired. This definition apjiears to be 
much too limited; for the gun is not fired m raaio, and tlie 
air offers resistance, first to the passage of the shot up the 
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barrel, and afterwards to the escape of the gas. A correspon- 
dent in the Field, some time ago, added to the ordinary- 
definition by saying, ^^the momentum of the gun is equal 
to the momentum of the shot, plios that of the powder gases as 
they leave the muzzle.^^ This plus is a most necessary rider ; 
for the state of tension of the gas at the instant the shot quits 
the barrel must have a material influence on the severity of 
the kick ; and where there is a heavy charge of large-grain 
powder, that is giving off gas copiously up to the very muzzle, 
the final kick produced must be greater than when the chief 
part of the force is exerted at the breech. 

One of the latest novelties in gunnery — a ^‘^marsupial gun/^ 
as it may bo termed — recently brought out in America by 
Messrs. Lymann and Haskell, seems well adapted to furnish 
this condition of giving off gas copiously up to the very 
muzzle.^’ The gun has four ]>oaches under the barrel, 
each containing i^owder. The first charge, which is in the 
ordinary position in the breech, consists of very slow-burning 
prismatic powder, which gradually sets the shot in luotiou. 
When it has thus got some way on, and passes the first pouch, 
a larger charge of ptjwder, finer in grain, is ignited, and adds 
to the iiu]K>tiis of the moving shot ; the same occurs at the 
second, third, and fourth ])ouches, each new supply of powder- 
gases adding to the speed of the projectile, which is said to 
leave the muzzle with a velocity of about 3500 feet per 
second, and to ])Ossess power of penetrating iron plates far 
beyond any AVhitworth or Armstrong gun. Such a gun 
would doubtless give comparatively little strain upon tho 
breech, but tho powder-gases would have a very unusual 
amount of tension at the muzzle, and the amount of kick 
may be expected to be correspondingly large. 

That tho air has considerable effect in producing recoil 
appears evident from tho fact that recoil takes place when 
there is no* projectile, the gun being fired with blank cartridge. 



204 the modern 8P0BT8MAN^8 GUN AND RIFLE, 


Few persons appear to take the atmosphere into consideration 
in connection with recoil, yet air is a factor which oiig’ht not 
to be overlooked. It has already been shown, in page 65, 
that when bullets are passing through the open air, they 
encounter a resistance far beyond their own weight; and, 
with air inclosed in the gun-barrel, so that it cannot be 
pushed aside, but must be expelled from the muzzle, it may 
not unnaturally be supposed that the resistance it ojiposes to 
the passage of the bullet must greatly exceed that which it 
offers when it is free to move aside. If we attempt to thrust 
any close-fitting object rapidly through a long tube, the effect 
is very different from that of thrusting through unconfined 
air. We see, by the table just referred to, that, owing to the 
difference in shai^e, elongated bullets suffer much less 
obstruction from atmospheric resistance than is undergone 
by spherical balls; but when they are in the barrel, there 
appears to be no reason why they should have any such 
advantage — the amount of pressure would doubtless depend 
upon the area of the bore and the velocity of the bullet. 

What is the extent of such resistance in the barrel under 
ordinary circumstances does not ap])ear to be satisfactorily 
ascertained. The amount of atmos])heric resistance to the 
bullet after it lias left the gun has been worked out with great 
accuracy; but this is a very different matter from the action 
of the air in the barrel. In a paper by Ib’ofessor (i. Forbes, 
printed in the 'Transactions of the Itoyal Society of 
Edinburgh^’ for 1879, it is calculated that, when a gun- 
barrel is choked by snow, dirt, or other obstructing matter, 
the pressure that would be set up by the advancing charge 
would be equal to about 7 tons per square inch, supjK>sing the 
charge to have a velocity of 1000 feet a second, or about the 
velocity of sound, and the obstructing plug to have a density 
equal to that of water. It may be questionable, however, 
whether we should be justified in assuming that the charge 
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would, under such circumstances, reach the plug with its full 
velocity ; for the air in the barrel would bo gradually driven 
forward from the instant the shot began to move, and would 
become more and more condensed as the shot advanced; and 
although under ordinary conditions it may be true that the 
velocity of sound is a measure of the rate of transmission of 
motion through the atmosphere, yet it is not proved that, 
under the extraordinary conditions of extremely high pres- 
sures, that rate of motion in the air will not be exceeded. We 
have, for example, projectiles driven through the atmosphere 
with about double the velocity of sound ; and as an unusual 
amount of motion must be imparted to the air under those 
circumstances, may we not imagine that an unusual velocity 
may be imparted under the extreme pressure produced by the 
advancing shot in the barrel ? If so, some amount of pressure 
may be transmitted to the obstructing plug in advance of the 
arrival of the shot ; if not, the accumulating resistance of the 
compressed air in the barrel must be a considerable source of 
retardation to the shot, even when no obstructing plug 
interferes with its exit. At all events, it is not correct 
to assume that obstructions in the barrel invariably cause 
bursting, for there are many facts to j)rove the contrary. 
Some instances are mentioned at page 398 of the previous 
volume. Experiments have also been carried out on behalf of 
the United States Government, and it was found that of a 
large number of army rifles purposely choked with sand, &c., 
only a very small percentage were burst. 

The effect of air-resistance in a gun -barrel was turned to 
account some twenty years ago by Mr. G. P. Harding in the 
production of what was called a non-recoil gun.^^ It was 
certainly a curiosity in its way, but apparently not of much 
practical value. It was simply a tube open at both ends, the 
cLarge being put in the centre, with a wad behind it, and 
a second wad placed further towards the end of the barrel. 
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so as to shut in air between the two in much the same 
manner as it would be in a gun plugged by snow. When the 
■charge was fired, the shot was driven out at one end of 
the barrel, but the wads still remained in at the other; and a 
gentleman who witnessed some of the experiments informed 
me that ho saw the gun balanced on some support, and wlion 
the charge was fired the barrel remained unmoved. Doubtless 
the force exerted in driving out the shot was exactly counter- 
balanced by the compression of the air and shifting of the 
nearest wad as the pressure of the gases increased, and by a 
re-expansion and thrusting back of the wad as the pressure 
diminished. 

A somewhat analogous experiment, carried out some years 
before by Colonel Parlby, is narrated in a work which he 
edited.* He took a musket barrel, made a nev^ vent in the 
centre, and fired the charge therefrom vdth the hinder part of 
the barrel empty, and he found the penetration very little 
diminished from what it was when the powder was placed 
close to the breech ; but the cushion of compressed air had so 
great an effect in diminishing recoil, that a 71b. weight sufficed 
to keep the barrel in position in the one case, though a oOlb. 
weight was required in the other. I'hat the recoil was only 
lessened, and not altogether removed in this case, may 
probably be owing to the fact that here there was a fixcfd 
breech, whereas in Mr. Harding’s experiment there were two 
movable points, and in the compression and re-ex])ansion of 
the air the second wad might be shifted to some extent, as 
well as that which was nearest the charge. 

It is not impossible that, one of these days, some of our 
ingenious mechanicians may discover a means of introducing 
a reservoir of air behind the powder-charge, when; it would 
probably have the effect, not only of lessening the initial 

• Col. Anderson on “The Modo of Manufaoturiiijf Gunpowder ut Ishapcir.* 
Mills.” Edited by Liout.-Col. Parlby. London: Wealo. 18 C 2 . 
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recoil, and thus preventing muzzle disturbance, but might 
also add to the safety of the gun by reducing the sudden 
strain, where quick -burning powders are made use of. 

Effect of Different Charges on Recoil. 

It is not easy to find any comparative information about the 
recoil of rifios ; but experiments that have been carried out 
with res];)ect to shot guns will be serviceable, as showing the 
difFerenco in recoil with the same charges of powder and 
varying weights of shot. 

'^riiose particulars Avcrc ascertained by means of the Field 
machine-rest and recoil -gauge, an illustrated description of 
which is given at page 4(> of the first volume of this work. 
The recoil of the gun, when fired, is registered on the scale of 
the Salter’s spring attached to the machine, and thus shows 
wdien there is a difFerence of recoil by the difference in the 
number of pounds registered on this scale. I may frankly 
say I do not consider that these scale-numbers really give any 
idea of the actual pounds of pressure produced by the recoil ; 
but they certainly give a means of comparison, and show most 
distinctly that there are considerable differences of recoil pro- 
duced by alternating the weight cither of powder or shot in 
the same gun, and also of firing the same charge from different 
guns. One defect which I conceive to exist in this apparatus 
is, that, owing to the effect of the spring, it underrates, rather 
than otherwise, the increase of recoil from heavier charges, 
and so makes them appear comj)aratively less severe than they 
really are. If, instead of relying on the ordinary Salter scale 
attached to the machine, a special scale were devised of a 
similar character to that attached to the Field force-gauge, 
and based upon the effect produced by falling weights, my 
belief is that a bettor means of comparison would be 
established. In like manner as the force-gauge admits of an 
estimate being formed of the actual velocity with which shot 
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strike the target (as I have endeavoured to donionstrato at 
p. 343, vol. i.)^ so would a similar gauge applied to the recoil 
machine enable the velocity of recoil of the gun to be ascer- 
tained, supposing the weight to be known, c^nd thus the 
energy of recoil in foot-pounds could be calculated. A heavy 
gun and a light gun might, on being fired with the same charge, 
show the same amount of recoil in one fashion, in couse- 
quence of their havung equal momentum ; nevertheless, the 
light gun would give a sharper blow to the shoulder by reason 
of its moving back with greater rapidity. This could be 
estimated in foot-pounds, if the velocity of recoil were known, 
but at present it cannot be ascertained. These remarks, how- 
ever, are rather ajjart from my present purpose, which is 
to explain that, although, in my opinion, the pounds recorded 
on the Salter scale cannot be considered as true* pounds, yet 
the figures about to bo quoted show diftcrences which really 
exist, and which would probably be accentuated to a greater 
extent if we could get the veritable results in foot-pounds. 

The figures given opposite are obtained from the report of 
a long series of experiments carried out by Mr. ]{. W. S. 
Griffith, which were summarised and commented on in 
pp. 346 to 364 of the previous volume of this work. 'J'hose 
experiments were carried out with the same gun, with varying 
charges of shot and powder, the shot being of diflerent sizes 
and the powder of two kinds, viz., black (Curtis and Harvey) 
and Schultze. The mean velocities in a 40 yards range were 
taken with a Bonlenge chronograph, and the recoil by meaii.s 
of the Field machine-rest. The record of each shot was 
originally published in the pages of the Field, )jut it will 
suffice here to give an abstract from the averages, from which 
there was, as a rule, but little variation. Where tlio charge 
of powder is given in drams, it means that such was the 
weight of the black powder, and that there was an e(jui valent 
charge of Schultze, viz., equal in measure or half in weight. 
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Equal Charges op Powder (3drs.) 


Sizo of Shot. 

Charge of 
Shut. 

Mkan Velocity. j 

C. «fe H. 1 Sehultzo. 

\ ! 

Recoil. 

C. A H. 

Schultze. 

No. 2 

1 oz. 

ins 

914 1 

82 

75 


H 5. 

831 

8!>ti i 

89 

82 

»> 

H 

845 

847 

90 

83 

No. 3 

1 OZ. 

9or> 

910 i 

84 

7G 


u .. 

880 

804 1 

90 

83 

>» 


8-43 

841 *1 

94 

87 

No. 4 

1 oz. 

RW 

803 ! 

85 

7G 

51 

1},. 

870 

834 j 

89 

84 

55 

n „ 

832 

837 * 

i 

94 

1 

87 

No. 5 

1 uz. 

874 

883 

85 

77 

55 

u .. 


^^13 ! 

94 i 

85 

1 

No. 6 

1 oz. 

800 

1 

, S5S 

SG 

1 79 

55 

li 

849 . 

1 v84l 

91 

86 

No. 7 

1 oz. 

829 

812 = 

8G 

78 

No. 8 

1 oz. 

81G 

823 • 

! 

8G 

i 

79 


The yelocities are inserted as well as the recoil, in order to 
show that the former keep very close together with the two 
powders, whatever the change in the shot, so that the 
difference of recoil cannot be the result of the difference of 
velocity. If we are to accept the statements that are made, 
as to the recoil of the gun being proportionate to the weight 
and velocity of the shot, the recoil w’ith the two powders 
ought to bo as close together as the velocities are ; yet we 
invariably find a considerable difference between the recoils, 
and the proportion keeps much the same throughout all the 
changes. We find, for example, with No. 2, that the recoil of 
black powder was 7 higher than Schultze when loz. of shot 
was used; with IJoz., both go up 7, and with Hoz. both 
increase 3 more. With No. 3 and smaller sizes a similar 
process goes on. Each reduction in the size of shot (the 


p 
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weight being unaltered) ju'oducos a greater ainoimt of recoil, 
owing, no doubt, to the iiiereased friction arising from a 
larger number of ])c'l]ets pressing against tlie barrel ; but 
whenever tlie recoil increases with the black powder, it 
increases also with Schultze, and the difPerence between them 
remains just about the same. 

V/hen the charge of shot remains stationary, but the 
powder varies in quantity, tlien wo have similar differences 
of recoil between tlie two powd(*rs, except that there are 
wider intervals between successive steps : 


Yakyixg Chakges of Powder with Et^UAL Weight »)f 
Shot i 1 oz. ) 




Mi: AN 

Size of Shot. 

Cliare'* "f 




C. AH. 

Xo. 2 

2.\ (Irs, 

M7 

,, 

3“ .. 


•• 

31 .. 

<Ks* 

Xo. 

21 (Ivs. 

Sis 


o 

ci .. 

».*> 


3h .. 

J*s2 

Xo. 4 

2\ (Irr,. 

mi; 

,, 

3 

SOM 


31 .. 


Xo. r, 

2’ (Ir-. 

sjG 

,, 

' 3' .. 

N74 

jf 

i 31 .. 

J42 

Xo. G 

: 2’ (Irs. 

;:>!♦ 





1 . 

00(1 

Xo. 7 

2 Mrs. 

7»;i 


3^ „ 

S2I^ 

»» 

3!, „ 

m 

Xo. 8 

(Irs. 

77G 

if 

3 „ 

HlU 

»» 

3i „ 

«28 


Viii.uriTY. Ilrtoii,. 



i\ A 11. 

S'-lmh/i 

s.v; 

7n 

G 4 

*♦14 

S2 

7o 


hn 

s;; 

slo 

72 

Gri 

olu 

S|. 

7G 

‘.♦S7 

‘♦1 

s2 

MiH 

71 

G7 

SU3 

s.', 

7»» 


1*2 

St 

S17 

7*’» 

G7 

Ks:; 


# 7 

J*27 

.'4 

K(i 

7S1 

7G 

GJI 

Kli'S ■' 

SG 

7u 

On.', 

u:, 

S7 

7GG 

7g 

GU 

Kt2 


7K 

iwil 


k7 

7fll 

7g* 

71 


KG 


m 

in; 

88 
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very grc^at regularity in the gradations — the velocities 
keeping side by side with the two powders almost invariably, 
and the recoil ulways being from about b to 8 less with the 
Schnltze, according the charge — makes it clear that the 
gomernl belief of sportsmen in the lesser recoil of the 
nitro-eoinpound has a better foundation than the conclusion 
which soiru' adhere to, that yon must have equal recoil if you 
have (Hpial velocity and weight of projectile. 

How, then, is the difference to be accounted for? My 
impression is that it is a natural result from the lower density 
of the ])owder. Schultze imwdcu*, in its unburnt state, is 
about half the weight of black pr^wder; and when the 
powder is exploded, the products of combustion cannot be 
heavier than the material from which they were formed 
'Fhe gas from the Schultze powder may not be very different 
in weight from that of the black ]K)wder, but the nitro- 
com]H)uuds have scarcely any s(»lid residue, whereas the black 
])owder has nearly two-thirds of solid residue when it is cooled, 
although when first tired it is in a kind of liquid condition, 
the solid particles being intimately mixed u]) witli the true gtis. 

Wlu'ti one body pushes against another, the momentum 
imi)arted depends upon the weight and velocity of the moving 
body as eompared with the weight of that which is moved ; 
and this ai>plies, not only to solids, but to tliiids also. The 
elTect of atiuospheric ])ressure is dependent upon the weight 
of the air as well as its velocity; and the effect of powder 
gases upon the projectile is, in like manner, dependent upon 
their weight and velocity. AVluit is wanting in weight in 
the gases of the uitro-eoinpi>unds must be made up for by 
the velocity of their exptiiision. 

If the action of the two powders were similar thri^iigliout, 
it might bo assumed that the velocity of Schultze gases at 
all points of the bore would be double those of black 
powder; but it is not likely that such would be the case. 
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It is more probable that the velocity of both is more 
nearly equal when the shot loaves the muzzle, and that that 
portion of the recoil which occurs after the expulsion of tho 
shot would depend for its effect upon the weight of the gases 
in the barrel as well as the rapidity with which they rush into 
contact with the atmosphere; and as the black powder gases 
(or, rather, the mixture of gas and solid particles) would bo 
doubly as heavy as the Schultze gases, the action of the 
former on the atmosphere, and their renction on the gun, 
would necessarily be greater than those of the latter. 

There is, too, another point for consideration. If the same 
amount of momentum be imparted by two bodies, one of 
which is half the weight of the other, but moving with 
double the velocity, tho energy or rending power of the 
two is not equal, for the energy is proportionate to tho scjuare 
of the velocity. If, then, a certain amount of momentum is 
imparted to 1 ioz. of shot by :idrs. of Idack powd(‘r (a pi-o- 
portion of 1 powder to G lead), and equal nioinentum is 
imparted to Hoz. of shot by 42grs. of Schultze (a ])ropoi*iion 
of 1 powder to 12 lead), there must be a higher velocity of 
expansion to afford the? necessary impulse; and the strain r»n 
the barrel would be proportionate tu the square of the vehn ity 
multqjlied by the weight. If the velocity of exj)ansion <>f 
the nitro-compound were exactly double that of black powder, 
and the latter double the weight of tlie former, we should 
have 2 X 2 X 1 as against 1x1 x 2; that is to say, tho 
strain would be double with the nitro-cornpound. TIk' idfect 
becomes more marked when tho rapidity of comliustioii is 
increased by tho drying of the powder. If black ])owdi r Ik? 
dried, it burns more rapidly, and gi*eater eu(jrgy is developed 
w’ith the higher velocity of expansion; but tlio increase of 
velocity is kept within coinjjanitively narrow bounds by a clog 
on the movement of the gases. The solid residue is nearly 
double the weight of the true gases, and tho latter must 
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impart motion to the former; consequently a check is put 
on the rapidity of expansion. With the nitro-compounds it 
is not so, for there is scarcely any solid residue. When there 
is a certain amount of moisture, that checks the rapidity to 
some extent ; but, on the moisture being wholly abstracted, 
there is practically no check, and the mass explodes almost 
simultaneously, or, to use another expression, it detonates 
for detonation is merely rapid ex 2 :)losion. In like manner as 
the difference between a push and a blow is a question of 
velocity, so is the difference between explosion and detonation. 
You cannot draw a line as to where the one begins and the 
other ends : detonation is quick explosion — the difference is 
merely one of time. The effect of this seems to be, that if 
means be taken to lessen the strain on the breech by reducing 
the velocity of exidosion of the nitro-comj)Ounds, the time may 
be so lengthened that a kind of ^Miang-fire^^ is produced, 
owing- to the want of weight in the ])ro 2 )elling gases. If, on 
the other hand, a stronger cap be used to remedy the hang- 
fire, the result, on a minor scale, is the same as that produced 
by firing a disk of comjDressed guncotton by a large quantity 
of fulminate. Guncotton is rendered so inert by extreme 
compression, that it will bum almost as slowly as a piece of 
wood; but if com])ellcd to burn more ra^^idly by a very 
powerful cap, it exj)lodes with such violence that a small mass 
will suffice to shatter a fortress. 

It appears to be clearly established that there are vast 
differences in the amount of force exhibited by these nitro- 
conipounds under varying conditions. AVith change of circum- 
stances, the s;nue jiowder gives results very similar in the 
wideness of their divergence to what is shown to exist between 
the imie Large Grain and the lUissian I’rismatie Powders 
alluded to on page 85. Under certain conditions, the E. C. 
powder burns so slowly that complaints have been made of its 
hanging fire badly ; and in such case the strain in the chamber 



214 THE MODERN SPORTSMAN'S GUN AND RIFLE. 

of the gun would be very small^ for, as with the Russian 
prismatic powder, the gas would be chiefly developed further 
on in the barrel. Under other conditions there may be pro- 
duced a medium amount of force, which will suffice to give 
good shooting without undue strain upon the gun. Rut with 
still further change of circumstances, as such gn^at restraint, 
on expansion, increase of fulminate in the caps, or abstrat tion 
of moisture from the powder — any circumstance, indeed, wliicli 
favours extreme rapidity of combustion — the viohuice of ex])lu- 
sion also becomes extreme. I have in my ])ossessi()ii a 
gauge which has been used in a ilartini-llenrv rille und<‘r 
the same conditions as that represent(‘d in Fig. Id, jiage I2‘b 
except that, instead of S5grs. of black ])owder, the chargi* 
was 42 grs. of the large-grained yelh>w F. C. rille ]H»\vder. 
The result of the resi.stance of the ilartini bullet was to so 
considerably develope the force in the iO. C. ]K>w(k‘r, that the 
gauge was crushed down to a greater exti'ut tweii than that 
shown in Fig. 14. 

These remarks have, however, wandiTcd away so!n(‘what 
from the question of recoil; but I may stall*, in cuniiecii'»n 
therewith, my belief that great raj)idity of ex])h»sion in liio 
powder, whether black or otherwi.<e, is not only a(*c«*m])anied 
by a great amount of strain on tljc breecli, but that tlien* is 
more inliud recoil im])arted to the gun wlien the shot is set in 
motion, and less kink produced as the sliot leaves the )>arr* l ; 
and, further, that the greater tlie strain on tin* bn-ei-li — 
whether produced by a quick-blirning ])owder, or a heavier 
bullet, or resistance of any other kind — the greater is iho 
probability of increased ^^jump’^ or muzzle disturbance.'' 

Thk 

The effect of the ^^jurrip" is nowwlays a generally admit tod 
fact, both wdth big guns and small arms ; but if, as soiiio 
persons contend, no motion is produced in the gun till barrel 
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and shot part company, any subsequent movement of the one 
could scarcelj'' afPect the course of the other. 

Professor Bashforth, in writing relative to a comparison 
of calculated and experimental ranges with cannon shot at 
high velocities, said : It is probable that the experimental 
ranges will somewhat exceed the calculated ranges, because, 
when high charges are used, the ‘ jump ^ of the gun pro- 
bably gives the initial direction of the shot an elevation 
sensibly greater than that for which the gun is laid.” This 
would have the eifect of causing the trajectory to appear to 
be flatter than it is in reality ; for if, at the instant when 
the bullet leaves the rifle, the muzzle happens to be jerked 
slightly upwards, this additional elevation may cause a con- 
siderables difft'rence in a long range, and the actual course of 
the bullet would bo much higher than the apparent trajectory 
indicated l)y the sighting of the rifle. 

Sir Josejdi Whitworth, in his book on ^^Giins and Steel,” 
has given the following interesting particulars of the increase 
in height of the projectile, and consequent extension of 
range, when shots were fired from one of his guns under 
different conditions ; 

“A 2v, -pounder Whitworth mountain gun was first placed in a 
tube, with its axis eoineideiit with that of the tube. On firing, the 
gun could only recoil in the exact lino of the axis of the tube. The 
shot left the tube in a horizontal line, and its range was 100 yards. 

The same gun was then mouiited on a field ciU'riage of wood, 
and laid in a horizontal line. The elasticity of the carriage now 
came inti) ])lav; the axis of the gun didlected upwards on recoil- 
ing, ami the range was 204< yards. The i>rojectile rose to a height 
of lOJ inches above the horizontal line of fire. 

The gun was finally mounted on a fit‘ld carriage of AVhitworth 
metal. Here its axis is brought much nearer to the axle of the 
carriage, and the leverage which assists the deflection is corres- 
pondingly reduced ; also the rigid steel yields less than the 
wood. 

The gun was laid, as before, in a horizontal line, and its axis 
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deflected upwards, but to a less extent. The range was 190 yards, 
but the shot rose above the line of fire to a height of only 8 inches 
instead of lOf inches. The trajectory, with a nearly equal range, 
was, therefore, much flatter; and the exj>erimeiit is most instruc- 
tive as demonstrating the influence of the carriiige upon the 
trajectory of the gun.” 

Evidently there must have been motion in the gun sufficient 
to throw up the muzzle before the departure of the jU’ojectile; 
and the plate accompanying* the text affords particulars which 
enable us to form an estimate of the angle of elevation ]>rodiiced 
in each case by the motion of the barrel. The droj) beh»\v the 
axis of the baiTel was 10 inches, the diameter of the shot 
was 1*9 in., and the weight 2ilb. ; and by means of the pro- 
cess already described, we are enabled to calculate apj)roxi- 
mately the velocity of the shot, and the amount of natural 
drop at the respective distances, and to see that the eliects 
described are the natuml consequence of tlie junq).'^^ 

The jump appears, liowever, to 1)e by no means a 
definite quantity, and occasionally varies in the same rille at 
different angles <.)f elevation, besides differing at the sjimt* 
angle when there is an alteration in the charge. I'he latter 
result might bo expected ; but there seems to be no 
regularity of increase or dimiimiion with increase or diminu- 
tion of charge. In some artillery experiment carried out at 
Shoeburyness, and alluded to by Ib*ofessor Jhishfortli, care 
was taken to niea.sui*e tbe ‘^jump^^ of tlio same gun at 
various angles of eh^vation from o" up to dU' ; but tljo 
figures show that there was not any uniformity (jf result 
corresponding wdth the increase of elevation; for in some 
instances tlie increase was large, and with oth(*rs small, 
and in some cases the movement api)ears to have produced 
a negative instead of a positive result, and tlierefore to have 
thrown the shot lower instead of higher. In some cases, 
too, with the same gun, a small charge caused a greater 
jump than a larger one ; and with a different cl ovation 
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the opposite effect was produced. Possibly these differences 
of action may account for what appear to be occasional 
inequalities in the sighting of rifles, when the increasing 
height of the back sight does not follow the regularity 
of gradation wliicdi corresponds with the increase of range. 
Tlie sighting of the rifle, not being a matter of calculation 
(exclusively, has to stand the test of the target and to be 
rc‘gulated accordingly ; and, if at one distance or one 
elevation, tlie happens to be greater than at 

another — if the bullet is high above the mark when the 
rifle has one angle of elevation, but strikes lower, or even 
under the mark, when the angle is difh'rent — alterations 
must be made to accommodate those variations, and there 
cannot, in such case, bo the same regularity of gradation as 
it’ the ^^jump^^ had no existence. 

With regard to differences of ^^jump’^ in rifles fired 
from the shoulder, it seems not at all improbable that 
s(*niething may bo due to the difference of grasp and 
lirmness of hold at different elevations, and also to difference 
of build in the shooter. One man is long in the neck 
and another short ; and it is hardly to l;e expected that 
l>oth will with ecpial ease align the sights for different 
distances. The long-necked man may look comfortably 
through the back-sight when raised to the height necessary 
for a long range ; but, when it is lowered for a short range, 
ho must either wrench his neck down awkwardly till it is 
in a lino with tlie sight, or ho must raise the butt of the 
stock to a higher part of the shoulder so as to bring 
the sight level with the eye. The short-necked man, on 
the conti’ary, may lind the lower sights handy, but it 
being dillicult to crane his nock up to the sights for 
long distances, he slips the stock a little lower down to the 
armpit. It is scarcely })Ossible, under such circumstances, 
that either of these men will have an equally firm grip on 
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his weapon at all elevations; and the may there- 

fore take different proportions with variations in height of 
sight, and be different with the two men if they ehancc’d 
to use the same rilie. With long-range rilli‘S, bred from a 
prone position, aii}^ such cause does not, lu)wev(.‘r, aj)])eai‘ 
likely to hold good. 

Mr. Metford’s observations, both in his article (page lOS) 
printed in the previous chapter, and in the chaptcu’ on 
sighting (])age 22<5), are very ])regnaijt, and throw light on 
various obscurities in th(‘ behaviour of rilles. It is well 
known that different guns will behave dilTertaitly with the 
same charges of powder and shot, and that great change's 
may be produced in the performances of the same g’lins 
by varying the weight whether of powder or l)ullet. Some 
barrels, being made of more' elastic nu'tal than others, will 
expand more with ecpial charges of powder ; whih' oihci's 
differ considerably in their ])roportions of thickness at various 
parts of the barrel, as well as in li'iig-th. '^riien there is the 
difference of construction between military and otlu'r rilles in 
the amount of woodwork, the bands that chisp the forc'-end to 
the barrel, and other parajdiernalia ; and, on the oiIkt hand, 
where these arc wanting, ihere are two barrels lixed side* by 
side. All these things may ])rodiice dillerenees of Hi)*/’ as 
Mr. Metford terms it, and more or less affect tlie aim in a way 
for which no general rule? can provide, llie only ri'iiiedy being 
for the owner of the rifk? to study its idiosyncracies and adapt 
himself thereto. l\Ir. iletford shows that one of liis rilles is 
much more tender tliaii amdhor; and this would doulult ss 
be acted on to a greater extent by the wav(‘s of pri'ssures 
alluded to in page? 81. lie* also shows the* effect. ])ro(lijce(l by 
a weight apjdied on one side of a barn*! ; and this, tng-eiher 
with differences of tenderness in the; material, may give a 
reason why the side-throw of s(mic donbl(*-barrels is so much 
more difficult to regulate than that of others. 
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The effect of the wave action in a double-barrelled gun 
seemed well marked in one which recently came under my 
notice. The gun had been burst by E.C. powder, and the 
top rib had been driven completely out, in addition to a piece 
of the chamber. rib, however, was not blown straight 

up and curled over, as sometimes happens, but seems to have 
been gradually removed by successive; waves of motion pro- 
ceeding* down the barrel — the rib being bent into quite a 
serpentine form in its horizontal plane, as though action and 
re-action between the two barrels were going on throughout. 

In artillery we have the jump^^ looked upon as a regular 
thing, although it is anything but regular undc*r change of 
conditioiis. In some cases it has been found that a certain 
increase of powder will give an increase of juiu]), and that a 
further increase in the charge will produce a ^^dip.’’ A 
similar result may also happen from altering the weight of 
the projectile; and, on reflection, it does not seem very sur- 
prising that such should be the case, when read by the light 
of Mr. Metford’s remarks. We have seen, by the table on 
page 85, at what dili'erent points of the barrel the maximum 
pressure will fall under different conditions in the powder 
charge; we have also seen, on page 120, how different is the 
amount of force exerted by the powder when it meets with 
greater resistance ; and as there is likely to be a difference of 
ex|)ansion in the metal of the gun when the force acts upon a 
thicker or thinner part of the barrel, and also a difference of 
leverage according as the point of apjdication is nearer or 
farther from the bi*eech, we may thus account for many 
peculiarities of result with different gnus. Possibly too, as we 
may not bo able to provide a remedy for the idiosyncracies of 
particular weapons, we may arrive at the conclusion, that if 
we wish to obtain the best results, it will not bo wise to 
take liberties with charges for which a ritle has been carefully 
regulated. 
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This is so mucli a matter for tlio practical skill of tlui 
maker of tlie weapon, tlint little will be said upon it in this 
place. If there were nothing* more to tak(‘ into considci'ation 
than counteracting the drop of the bullet by the t‘levation of 
the muzzle of the gun, then the ])articulars given in previous 
chapters would indicate the lines upon which it would b(‘ 
necessary to go. Thus, with a drop of so many feet or 
inches, in a certain bullet and a certain range, an eleva- 
tion of so many degrees or minutes of angle would give 
arise equal to the extent of bullet-drop in such range. Jlut 
this is only the mere threshold of the business. Two ritles 
made as a pair will not necessarily behave exactly alike, and 
they must be regulated according to their pi*culiarities. 
There has also to be jirovided tor the diiTenuice of action of 
the same ritle according to the charge with whicli it is t(» bo 
used. An elevation of so many minutes of angle may be 
required to compensate for the drop of a bullet in a givim 
range; but it is found in practice that a less amount of 
elevation may suffice to enable the bnllet to hit the mark. It 
is not that the drop is less and the tni j(*ctory rc'ally lower than 
was supposed, but that some movement in the barn*) tlimws 
up the muzzle and gives it greater eleva.tion than that 
produced by tlie sights alone.. Under other (conditions, too, 
if the barrel has a ""dip,’" rather than a ""jump"" with a 
given charge, the sighting would have to bo higher to 
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counteract this efFect. The build of the person who uses 
the weapon, and the means adopted by the gunmaker to fit 
it to the purchaser, may also in some cases affect the apparent 
though not the real amount of elevation. 

If I am not mistaken, the course usually adopted by makers 
of match rifles nowadays is to sight for a very short range, 
sucli as a dozen yards, and, by studying the habits of the 
rifle with a given charge, so regulate it as to compensate 
for the idiosyncracies of the particular weapon within this 
short distance, and thus accommodate its jump. With the 
same charge of powder and lead, the jump may be assumed 
to be a constant quantity when once the quantity is known ; 
and this being allowed for, a zero point is obtained, on which 
is based the elevation of angle required for the drop of the 
bullet fit different ranges. The latter may be said to be a 
known quantity, although it will necessarily change with 
every variation in the charge ; but the former is an unknown 
quantity, and the skill of the gunmaker is shown in the way 
he discovers and meets it. With any particular rifle, always 
used with the same charge, such as military weapons, the 
angles of elevation could be calculated; but with the infinite 
variety of sporting rifles, their differences of charges of 
powder and weight of bullets, it would be a hopeless task to 
attempt to give any useful tables. 

Nevertheless, the tables of velocities and drop given at 
pages M-3 to 153, may possibly be turned to account, as I will 
eiidoavour to show, by reference to the follo^ving interesting 
particulars supplied to me by a gentleman who carried out 
some experiments in 'order to ascertain the effect of altered 
charges on the drop of the bullet. He loaded with very 
great care three sets of ’*150 cartridges containing charges 
of 105, 110, and 115 grains of powder and 280gr. bullet. 
He had the velocities of the bullets taken by chronograph, 
and found that llOgrs. of powder gave about 40 ft.-sec. higher 
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velocity than 105, Avhilo 115 gave about 30 ft. more than 110, 
the respective muzzle velocities being about 1 S-0, 1 800, and 
1890 feet per second. He then tried at the target, at 100yds., 
cartridges from the three respective batches, and lie found 
that those loaded Avith llSgrs. placed the bulk'ts about 3* in. 
higher than those of llOgrs., and that the liullets from the 
lOogr. cartridges AA^ere 3|in. loAA"(»r, making a difft'nuKH* of 
7in. on the target for lOgrs. difFerence of charge. It AA^ould 
be natural enough to assume that this 7in. ditfenuice in 1(K) 
yards was the result of about 70ft.-sec. ditfereuce in muzzle 
velocity; but such is not the case. The mere reductif)n of 
velocity Avill scarcely account for 1-inch iiicTcase of dro]», as 
Avill be seen by reference to the table given on page 14<), 
where the drop of the 280grs. bullet is shoAA'ii to be oA'cr Gin. 
Avith 1900ft. -sec. and less than 7in. Avitli 1800ft.-sec. Axdocity 
in 100yds. We may therefore conclude that the rest of the 
ditfereuce is due to some other cause, and that that cause is 
most probably the A^ariation of jump or flip produced by the 
alteration of the charge. 

Assuming such to be the case, Ave may se(? that, Avith this 
rifle, there would be a difference r»f about 7' of elevation 
required to compensate for the difference of effect jiroduced 
by the alteration of lOgrs. of poAvder in a range of lOO yards, 
AA’hereas 1' Avould suffice for the mere difference of droj) 
produced by alteration of muzzle Axdocity. The remaining G' 
may be taken as a constant quantity applicable to all rangi‘s, 
whereas the elcA^ation for drop is a variable (piantity incr(?asing 
rapidly with length of range. At 200 yards there Avould be 
about 2 ' increase of elevation required to compensate for the 
increased drop due to lOOft.-sec. loss of velocity; and in 
400 yards it Avould have grown so rapidly that about 12' 
would be required to make up for the loss of speed ; whereas 
the compensation for jump would continue as before. 

We must not assume, then, that the mere variation in 
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velocity of sncces.sivo sliots, fired with exactly the same 
charges of powder, will produce the same differences on the 
target as the alterations in velocity produced by increasing 
or diminishing the charge; but we may assume that if 
cartridges are so carelessly loaded by measure that one case 
contains several grains more powder than is put into another, 
tlie result may produce a very uiidesirable amount of irregu- 
larity in the shooting, not alone from the difference in speed, 
but from variation in jumj). Wlnm, however, the powder is 
most accurat('ly \veighed, some degree of variation in succes- 
sive shots cannot be prevented. The chronograph records of 
the 1 ‘iilcs tried at Putney show that, in some instances, there 
was a variation of about 70 ft. -sec. in muzzle velocity in the 
courses of the five successive shots. It is difficult to account 
for these variations, which no possible amount of care seems 
able w liolly to eliminate ; but the variations of velocity, in 
such cases appear to be as unimportant as the calculations 
would Ic'ad one to expect ; for the same rifle which showed 
the 70 ft. -sec. difference of speed with the chronograph gave 
regular shooting at the target at Putney; and such is not 
siirju’ising, if we take into consideration only the natural drop 
of till* bullet. In the case of the experiments with the 280gr. 
bullets recently mentioned^ we also find that the facts run on 
nearly parallel lines. The chronograph records from shot to 
shot vary, with the lOogr. cartridges, about 50 ft. -sec.; though 
with the other charges there was less variation. The difference 
between the highest of I05grs. and the lowest of llOgrs. is, 
however, only about 20 ft.-sec. Accordingly, if speed alone 
had to be takc*n into consideration, the lOogr. cartridges 
ought, oil the target, to be separated by more than double the 
space that would occur between the highest of the 105gr. 
batch and the lowest of llOgrs. Such, however, does not 
appear to have been the case ; and we may infer that when, 
with equal weights of powder and bullet, there are some 
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differences in initial speed, but the other conditions remain 
unaltered, tlie effect ])rodnced is such as results merely from 
the difference of time of fliglit. But when the charirc' is 
altered, either in weight of bullet or of powder, or botli, the 
conditions are no loupfcr the same. Tlie j>oint of ,irreat(‘st 
strain in the barrel is changed, and complications are intro- 
duced by varying the nature of the jump or Hip. The 
conclusions wo may therefore draw fnun the observt'd facts 
are, that we should be chary of altering the charges of rilli^s 
which have been carefully regulated. Evenly-loaded cartridge's 
will give fairly concordant results at moderate ranges, even if 
chronograph records do show a certain amount of variation 
in muzzle velocity; ill-loaded cartridges may, by tlu? variation 
of charge, produce a greater amount of irrt'gularity than men* 
difference of speed would suffice to account for; and if tin* 
sportsman deliberately alters his chargt*, and adoj)ts one for 
which the riile is not regulated, he must not blanu* tin* gun- 
maker if the results defeat liis anticipations. 

The following very interesting letter fnuri ;^^r. Metb rd 
to Mr. Walsh has an important bearing on various matters 
connected with the sighting of rifles : 

“/w re of our Metford match rifle you KjK*ak of, and its sighting. 
There is a long and curiously iuUuvsling st<»ry attached to tin* 
sighting affair. You sav your measurements “ indicatf* a drop of 
lUii. at 12yds.” 

When I began scientific rifle work — now, I am sorry to say, ovi‘r 
thirty years since — I IVlt that the j»r(»j»er thing woiiM he to rig u|» 
a telescoj>e sight, and that it wouhl also l»e a pr<»]M*r thing t<) pul 
its oj>tical axis (in whieh line the cross-wires lay) absolutely 
parallel with thi* axis of bore. This I did with all the caution and 
skill I was master of (I was at that time ahlc to make a fheo- 
dolite, bar the dividing and oj»tical gdass AV(»rk). With my telescojK^ 
set to zero (or parallel with bore axis) I went to sluxit at 25yds., 
speed 14f)tJft., therefore drop of bullet at 25yds. a triflt* over iin. 
Telescojie was liii. above? axis, then?fore J expect<*d the bulh*t 
to strike 1 Jin. under centre oi Hj»ot (rifle not rested). Nothing of 
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the sort happened ; the bullet struck a considerable distance under. 
I at once thought I had made some stupid blunder, and reset 
the whole w'ork again, but still the rifle did the same. 

I then fired the rifle laid flat to right, then the bullet struck 
nearly as much to left, and rather under. Again I laid the rifle 
flat to left, and this reversed the strike, the bullet going to right 
and a little under. I then came to the conclusion that the barrel 
was curved, and that I had overlooked it ; but I could not, on 
examination, see it was at all curved. 

I then found this 2 >eculiarity attended all rifles, but with 
variation, and had nothing whatever to do with the bore in re its 
straightness. 

The j)oiiit is, What is the cause ? 

Bidd(*r, about twt*nty years since (now dead), who had also 
detected with Whitworth’s rifle the peculiarity, proposed to me 
that it was some effect of gravity ; that the nose of the long bullet 
began to fall btd'ore the heel could, and so it took a dive ; but my 
sideways shooting annihilated this, as he admitted. He had not 
tried this. 

My friend William Fronde solved it, and showed clearly that it 
was entirely due to the mass of tlu* stock being unsyminetrical 
with the mass of the barrel ; and that the first thing the barrel 
would do, on explosion, would be that the muzzle would fli]) down, 
the barrel bending in a cuiwe (this flij^ down would be dependent 
for its amount and velocity on the masses, and length, and stiffness, 
and charge of powder, &c.) ; and that eventually the whole motion 
would reverse itself, and the whole gun kick u]); but that the bullet 
would 1)0 gone before the ban*el had returned to its level and 
above it, unless the barrel was very stiff and short. 

This matter was, I believe, first juiblicly treated of by me in an 
article on trajectory I wrote at the desire of one of the American 
s 2 >orting 2 >apers in 1878, and which was afterwards, I think, much 
discussed in that i>ai>er, or, anyhow, one of the American sporting 
2 >apers, by men who had not seen my article, but had themselves 
come across the fact as a new and curious thing. I did not enter 
into the discussion myself. 

I find, too, that if one puts a mass (say 21b.) on either side of a 
rifle, if (say) left side the barrel it will throw left, and vice versa, 

Rifles differ in amount of flip — e.r/., that original explanation of 
mine gave 14' angle =at 12yds. to Ifin. about; and gave for side 
(telescope on left) 5' to left. One of my match rifles is only 9^' ; 

j 

Q 
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another equally stiff, apparently 22'. One of my rifles flips much 
the same amount whether I use quick or slow powder (initial speed 
being equal). Another rifle I know is, on the contrary, curiously 
tender, and so tender that I can actually tell which powder is 
being used. 

Weights of powder and bullet affect it as well. You will see 
that there will be developed a lot of additions from the following 
cause: that the barrel, on the bullet passing muzzle, may either 
be 2 >rogressing down, or at its lowest, or returning. 

Only a fortnight since a friend “ announced ” a wonderful dis- 
coveiy of someone he knew ; and, on inquiring, I found that the 
“ someone ** had just come across the flip as a brand new find, and 
the someone was going to stoj) it ! Now ihe joke of it is, that it 
happens to be a convenient caper of the rifle, as it ponnits a much 
lower front sight for 100yds. ranges. 

Look at a pistol which won’t flip, on account of short stiff barrel, 
but kicks up straight off. ^Vhat a bore is the high front sight. 

Again, clearly a rifle with a very heavy muzzle, and other things 
being equal, behaves differently to a light muzzle in this matter. 
I inclose what I said in the American paper about it. [This 
extract forms 2 )art of Mr. Metford’s article reprinted in the previous 
chapter, and the passage in question occurs on page 198.] 

You will see now that the rifles are set, not to the constructive 
zero, but to the tangent of the barrel as curved by the joint, and 
at muzzle, or say parallel to the first foot of the bullet’s flight. 

My instruction to Gibbs for zero is, to put up a spot O at 
12yds., and to so adjust the shoot that the bullet, when the slide 
is at zero, should cut a line below the spot the l^in. consist- 

ing of (1) the height of the eye-line above the bore-line = l|in., 
and (2) |in. for the drop of bullet by gravity at the 12yds. 

This method of setting zero enables one to entirely escape all 
bothers in re flip. 

Still, as many rifles alter their flip, if the powder be changed in 
either amount or velocity of explosion, and if the weight of bullet 
be altered, it is necessary to ascertain again the zero on making 
such alterations, all or any of them, otherwise a man may be led 
into considerable error in statements as to his 1000yds. angles 
(say). 

I have kno^m a rifle shoot precisely identical angles apparently 
at 1000yds. with two entirely different charges, but, when zeroed, a 
difference of 6ft. or 7ft. would be found existing. I have known 
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one man prove that an addition of 60grs. to his bullet did not 
alter the drop at 1000yds. at all, and so mislead another man, who 
would get desperate ricochets. 

The fact is, even a match barrel, stiff as it looks, is really a very 
limp affair, for one can grossly chuck it out of line with one’s 
fingers and thumbs. I trust all this rigmarole will be sufficiently 
clear to explain the zero anomaly. 

The behaviour of a military rifle with its fore-end on, and then 
off, will give a very funny exposition of flix). 

I hear there is some rumpus up about the non-cleaning rifles, as 
if it was any new matter. Why, it was my easy shallow rifle, first 
introduced by myself in the Whitworth times, which finished up 
all the rifles which had deep grooves, and drove Whitworth and 
his followers out of the field, simply because my rifles would not 
catch the dirt like the heavy Whitw^orth, Rigby, and Ingram and 
Heiiiy rifles did. 

Again, my military breechloader, which first ap]>eared at 
Wimbledon in 1871, find which has only missed the Duke of 
Cambridge’s 1000yds. prize (the great “ any military” breechloader) 
twice since, has always shot dirty and with no lubrication ; my 
friends have always said it shot better dirty than clean. 

It is true I lost the Duke’s in 1881, but the rifle which took it 
required a lot of tallow in the cartridge (Webley-Wyley’s), which 
is not a military cartridge, as fat will run in hot climates, and is 
not, therefore, allowed in militaiy work. 

I began my breechloading experiments in 1870 (I think it was ; 

I can’t look at my experimental books now) by laying down the 
law that no lubrication should be allowed, as unmilitary ; and last 
year my rifles at Wimbledon, I may say, swept the field ; at least, 
my military rifle took every first, fmy military” rifle prize, and 
about 75 per cent, of the rest. And my match rifle permitted no 
English, Scottish, or Irish rifles to take any first “any rifle” prize 
whatever. My only competitor was Sharp, and he did not hurt me 
much. 

Again, ten out of the twelve rifles in the American and British 
match were mine, and the two not mine stood well down the lower 
half. All my rifles worked without lubrication, and in the great 
heat too. The other two rifles, I think, had lubrication. Con- 
sidering all this, it appears to me that for any one to have pro- 
mulgated the idea that for a rifle to run clean enough and shoot 
well was a new and great discovery at this late date is laughable. * 

q2 
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The very last shoot I had but one (for Sir H. Halford) at 

1000yds., no cleaning, was all bullets Imt one in a vertical of 

18in, and the whole in 2ft. 4in. Fifteen shots, no lubrication. It 
looks like a mean vertical deviation of about 5in. to 6in. for the 
lot ; but I did not work it out (sec diagram. Fig. 19.). 



You see, therefore, that I feel somewhat confounded at all this 
trumpet blowing, when the fact of my breechloader rifle shooting 
without cleaning for all these years with the greatest success, and 
with no lubrication, has been staring every one interested in this 
special work in the face. 

I must now “ trip and trail ” up my unfortunate scrawling, and 
make it more possible to read, and so remain, yours faithfully, 

W. E. Mktfobd. 

P.S. — suppose soon the shooting people will discover my 
hardened cylindrical bullet and announce it to the world as a new 
and excellent affair, not knowing that I introduced it in 1856, and 
that all our long-range rifle makers have used it ever i 



OHAPTEE IX. 

INFLUENCE OF THE WIND. 


The drift of the bullet with the wind is more a matter for 
practical experience than theoretical explanation. It has 
already been briefly stated, under the head of Atmospheric 
Eesistance (page 73), that the drop of the shot is increased or 
diminished by the retardation or enhancement of speed when 
the wind blows from front or rear ; but the extent to which 
it will afPect a bullet in a given range must depend upon the 
weight and shape of the projectile as well as length of range 
and force of wind ; and hero the sportsman^s own judgment, 
based on the knowledge of his weapon and bullet, must be 
the chief guide. And if this be the case with head and rear 
winds, still more must it hold good of cross-winds blowing at 
different angles. The effect of these on light Express bullets 
is much greater than on heavy elongated projectiles ; and this 
will scarcely seem surprising when we consider that many of 
these bullets are more or less hollow in front. Being thus 
light forward, a side wind would have most influence on that 
end of the projectile, and the effect would be much the same 
as that of the rudder of a ship being so applied as to turn 
the head of the vessel to leeward — it would run down-wind to 
a considerable extent. On the other hand, if a bullet were 
hollowed in the rear, so that the centre of gravity were 
thrown in the front, the effect would be the reverse of the 
above — ^it would be as if the helm turned the vesseFs head 


to win dward ; it would eat into the wind,^^ and the drift 

Even with short Express 
vi^ald be a tendency 
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to drift more than the long* projectiles used with military and 
match rifles, because the’ head forms a much larger proportion 
of the whole mass. If the bullet were a perfect cylinder, the 
side pressure would be equal throughout j but the head pre- 
sents to a side-wind a larger area, in comparison with weight 
of metal, than the cylindrical portion of the bullet ; conse- 
quently it gives way more to the side-pressure, and drifts 
down-wind more than the mere force of the breeze would 
otherwise account for. 

For military and match-rifle shooting there are numerous 
handbooks which give instructions as to the use of the wind- 
gauge, and allowances to be made for the Martini and other 
bullets according to the state of the clock,^^ or position of 
the wind, supposing that the marksman uses his watch-face 
as a handy substitute for a compass. This practice is alluded 
to in the follomng observations from letters written by Sir 
Henry Halford and quoted by Lieut. Zalinski in the article 
from which an extract has already been made (page 180) : 

‘‘ I do not know the real angles of the rifles you used to make 
your calculations with, but you will see in Mr. Motford’s j>aper, the 
angles of the rifles from which most of my experiments have been 
made. I have also shot much with Sharp’s and Kemington’s rifles 
with practically the same speed and weight of projectih*, and thty 
agree with Mr. Metford’s rifles in wind deflections, as they natur- 
ally should from having the same speed, form, and w(ught of 
projectile. I have also used a 380gr. bullet at v(Ty high S 2 )et‘d, 
giving an angle of 2° 2' at 1000 yards, but from its lightness it 
is deflected as 10 is to 7 compared with a 550gr. bulhit. [The 
ratio of deflections in this instance is in the inverse ratio of the 
weights. — E. L. Z.] 

The general angle of the rifles I have used with match charg( 3 s 
of 90grs. Curtis & Harvey No. 6 is 2° 15', with the thennometer 
at 50*^ Fahrenheit. On my card you will see that a wind which 
would give 30' deflection if square across, would require a rise of 
5' if from 12 o’clock. A 430gr. bullet requires 8' rise for head 
wind, a 570gr. only requires 3'! Mass tells. 
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I may mention that all our sighting is in degrees and minutes 
of angle, and the wind gauges are also cut to minutes. We find it 
the easiest way of working. The rifles are all shot for zero at 12 
yards before the scale is cut, so that I can take up any of Mr. 
Metford’s rifles and expect to get the sighting first shot, as well as 
with a rifle with which I am well acquainted. 

I find the effect of temperature on angle is that, say from freez- 
ing point to 90° Fahrenheit, every of rise of temperature 
require a lowering of 1' of angle. There is, too, some queer differ- 
ence in winter and summer of angle, not entirely due to tempera- 
ture, and I find winter angles raised more than summer. For 
instance, I have shot in winter with the thermometer at 48° and 
the same in summer, and in winter I require 2' or 3' higher angle, 
and this not due to wind. I cannot yet give a reason for this, but 
hoi)e some day to find out. They are not due to difference of 
barometer, for I noted that point. 

I see you have taken great j)ains with your tables. Ours are 
based on 20 years’ hard shooting, with the wind taken wuth a 
Lind’s gauge and with a spinning gauge; also a pocki^t spring 
gauge with a chronometer sjjring set to grains weight on centre of 
disk. I never now, or hardly ever, use a wind gauge, as I trust 
to feeling. I also, like you, make use of the smoke from the 
rifle 

It is almost impossible to lay down a law or make a table that 
will suit more than one projectile for effect of wind on trajectory. 
The card I sent you will suit bullets from 540grs. to 570grs. in 
weight. A 480gr. military bullet will require the head column 
to be nearly doubled when shot from the same barrel. Again, the 
old bluff-nosed bullet required more elevation for head winds, so 
I think one must bo satisfied with getting practical results, for I 
don’t see how one can lay down a law. And as to side wind, I 
think I told you than a 380gr. bullet with an angle of 2° at 1000 
yards, requires as 10 : 7 over match bullet 560grs., with angle 
of 2° 10'. 

American riflemen are very frightened at changes of light. For 
my own part I cannot see t hat they make a difference, provided one 
is careful not to take a fuller or finer sight, and with a match rifle 
I never heed changes of light. I have set carefully a theodolite 
and watched it for days, and could not detect any alterations of 
the object due to refraction 

Graduations. 6' = 5in. roughly for every 100 yards, is very 
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easy to see and easy to calculate. I have these spaces on my 
military rifle, and one can set sights very accurately with it. 

Some years since Mr. Metford and I got up some half-inch 
calibre rifles weighing 151b. for 2000 yards, with telescope sights 
and did very good work with them. I could reckon on hitting 
12ft. by 12ft., but it was felt that two sorts of small arms ammu- 
nition would not be practical ; so the matter was dropped. And, 
moreover, it would have been difficult to get a soldier to stand the 
recoil of ISOgrs. of quick powder and 700grs. of lead. We used 
percussion shell, and very nice they were.” 

With regard to minutes of angle/^ it may perhaps be 
worth mention that one minute (!') is equal to about an inch 
in 100 yards j and it would apply equally if it were an angle 
of elevation to compensate for the drop of the bullet, or an 
angle of side, to compensate for its drift. An angle of one 
degrqe (1°) is very nearly equal to a slope of 1 in (50, or 
1 inch in 5 feet, or half an inch in a 30in. barrel. As there 
are 60 minutes in a degree, a minute of angle is equal to a slope 
of about 1 in 3600; and there are 3600 inches in 100 yards. 
Accordingly, an elevation of 1' is equal to a rise of about 
1 inch for every 100 yards ; an elevation of 1° equals a rise 
of about 5 feet per 100 yards ; and so on. The Government 
angle for the Martini-Henry at 1000 yards is near about 3.]'^. 
This angle would consequently be equal to about 17.] feet in 
100 yards, and to about 175 feet in 1000 yards. 'J'h(» drop of 
the Martini, with 1350 ft.-sec. muzzle velocity, is shown at 
page 153 to be 186 feet ; so that, supposing the angle of 
elevation to be just as stated, there would be about a dozen 
feet to account for. The minute angle is, however, a frac- 
tion more than an inch in 100 yards; besides which there is 
the ^^jump.” Air-resistance, too, would tend to chc^ck d(\scent 
in the bullet, as its drop velocity would exceed 1 00 ft.-sec. in 
1000 yards, and resistance be proportionate to the stjuare of 
velocity; but with sporting rifles the effect would be prac- 
tically nil, the drop velocity of Express bullets in 1 50 yards 
being only about 10 ft.-sec. 



CHAPTER X. 

RETENTION OF ENERGY AND PENETRATION. 


The muzzle velocity of the bullet is not the only thing that 
concerns the sportsman in choosing his rifle and projectile. 
This speed is but a means to the end he has in view. He 
wants to kdl his game at a greater or less distance, and not at 
the muzzle of the gun. According to the nature of the 
bullet, so will the velocity dwindle away; and one bullet 
Avhich has the greatest initial speed may, by reason of its 
lightness, have lost that advantage by the time it has gone a 
hundred yards, and it will consequently not only strike with 
loss force than another which had a smaller nominal power 
at first, but, by reason of the loss of speed, it will have a 
higher trajectory at all longer ranges. 

Some tables have already been given showing the diminu- 
tion of velocity and the amount of drop of eight typical bullets 
of “450 bore at different ranges ; and these tables also apply 
to forty-eight other bullets of different calibre, whose weights 
are stated on page 142. But although certain particulars 
have been given relative to these fifty-six bullets, nothing has 
been said to indicate what is the amount of energy or 
working power that they respectively possess ; and the energy 
is, in some respects, a better gauge of their merits than the 
muzzle velocity, which merely tells the speed with which the 
shot loaves the barrel. 

The energy of a moving body is ascertained from its 
weight and its rate of motion, and the unit of work is, in this 
country, usually denominated a “foot-pound.’^ The moat 
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simple example of this unit of work is when a pound weight is 
lifted 1 foot. An amount of force equal to 1 ft.-lb. would be 
generated by dropping 11b. a space of 1 foot; and 1 ft.-lb. of 
energy would be required to project the same weight the 
same distance upwards. The number of foot-pounds is 
estimated, in one way, by multiplying the weight of the 
body by the number of feet of fall, so that 11b. dropped 
100ft., and 201b. dropped 5ft., or any other multiples that 
produce the same result, will giv^e an equal number of foot- 
pounds ; and, in another way, it is estimated by multiplying 
the weight by the square of the velocity and dividing the 
product by 6 1. 

The figures on page 51 show that a weight falling for a 
certain time acquires a velocity equal to 32 feet per second ; 
that the space passed through in a given time is ecjual to the 
mean velocity during that time ; and that the square of the 
time, multiplied by the half of 32 ft. -sec. (10) gives the total 
drop. On the other hand, if the final velocity be squared, 
and the product divided by twice 32 ft.-sec. (04), wo also get 
the tr>tal drop. Applying these facts to the ascertaiumeut of 
foot-pounds, we find that lib. weight acquires 8 ft. -sec. 
velocity in dropping 1 foot, and, conversely, that if llb.be 
projected upwards with 8 ft.-sec. velocity, its rise would e(|ual 
8x8 (64) divided by 2 x 32 (04), so that the height would 
be 1 foot and the result 1 ft.-lb. If the velocity were 
800 ft.-sec. the result would be 800 x 800 (610,000) divided by 
64, which would give 10,000 as the number of foot-j)OU]ids of 
energy; and, were it not for the resistance of the atmos])li(?re, 
a lib. shot projected upwards wu'th 800 ft.-sec. velocity would 
rise 10,000 feet before its energy was exhausted in raising its 
own mass against the force of gravity. When fired horizon- 
tally, the shot would have the same original amount of energy 
as when fired vertically ; and such portion as is not expend(*d 
in overcoming atmospheric resistance would bo available 
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against any object with which it comes into contact. Accord- 
ingly, if wo take the velocity of any of the bullets mentioned 
in previous tables, square that velocity, multiply by the 
number of grains the bullet weighs, and divide by G4 (twice 
32 ft. -sec.) and by 7000 (the number of grains in a pound), 
we get the number of foot-pounds of energy there is in the 
bullet at the particular point. 

The energy of all the *450 bullets mentioned in tables from 
pp. 143 to 153 arc thus calculated in the table on p. 237 ; and 
as it would be inconvenient to refer to and fro to ascertain 
the velocities of the respective bullets, these also are collected 
together for facility of comparison. The amount of energy 
applies only to the eight bullets of *450 calibre, because the 
weight of the other bullets alter more or less according to the 
size of the bore ; but the velocities api)ly to the bullets of all 
calibres. If the energy of the larger or smaller bullets is 
required, it may be ascertained by the process just described ; 
but a less troublesome method is to take from the table of 
energy the number of foot-pounds giv^en for the *450 bullet, 
and multiply this number by such one of the following factors 
as applies to the calibre of the bullet whose energy is to be 
ascertained : 


Boro. Multiple. 

•3(i0 -(>4 

•3S() -71 

•400 *70 


Boro. Multiple. 

•420 -87 

•500 1-23 

•577 1*04 


Thus, if we take the energy of the *450 bore bullet of 3G0gi*s. 
at 100 yards, with 1700 ft. -sec. muzzle velocity (1650 ft. -lb.), 
multiply by 79 and cut off the last two figures or decimals, 
we get 1094 ft. -lb. as the energy of the *400 bore bullet of 
the same type, which the table on page 142 shows to weigh 
284grs. In some cases an oi*ror of a pound or so may arise 
from the decimals in the multiple not being carried further, 
but this slight difference is immaterial. 
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Bemaininq Velocities or the Typical Bullets at Dippebent Banges. 


Weight 

of 

Bullet 

and 

Muzzle 

Velocity, 

AO j 

1 100 

Yards Diktancb from Muzzi 

1 150 SOO j 2&0 aoo 

.K OK BIFLK. 

1 ;to 1 400 

1 1 

1 600 

Grs. 

Ft.-sec. 1 

Ft.-pec. 

Ft.-sec. 

Ft.-sec. 

; Ft.-sec. 

j Pt.-scc. 

j Ft.-sec. 

Ft.-sec. 

1 Ft.-sec. 

1 Ft.-sec. 

260 

i 



1 

1 

i 


i 


l 

2000 ■ 

17S7 ; 

1592 

1413 

i 1257 

1130 

1036 

974 

91 9 

i 870 

, 82(5 

1000 

1696 ! 

1508 

1338 

1 1195 

1081 : 

; 1006 

948 

896 

849 

1 807 

ISOO 

1604 ! 

1423 

1266 

1137 

1040 , 

, 977 

€).>•> 

*■ ““ i 

873 

i 1 

[ 788 

280 

1 


1 



1 



i j 


1000 

1710 ' 

1534 

1372 

1233 

1118 

1034 1 

976 ' 

925 1 

! S78 : 

837 

18(»0 , 

300 ; 

1617 

1448 

1297 

1171 

j 

10(59 1 

! 

i 

1(»03 i 

i 

i 

949 , 

900 1 
951 ! 

{ 856 1 

i 

816 

1000 

1722 

1556 

1403 

1267 

1154 * 

1062 * 

1002 ' 


906 1 

864 

1800 

1(529 

1470 1 

1 1325 

1 1202 

1100 

1027 ; 

973 

92(5 , 

882 i 

843 

1700 

330 

1536 

1384 1 

j 1252 

! 1141 

1053 

995 * 

! ! 

i 

! 

Ooo j 

! 

859 j 

822 

1800 , 

1645 

1498 

j 1363 

1244 

. 1144 

i 1062 ! 

1007 1 

9(50 

917 1 

878 

1700 

360 < 

1550 

1411 1 

j 1286 

j 

1179 

! 1089 

{ 

1 1 

1 

977 , 

933 

892 

855 

1800 

1657 

1522 ! 

1395 

1282 

1184 

! 1100 1 

! 1036 j 

! 991 

949 

911 

1 700 

1563 

1433 

1315 

1212 

1124 

1 1 

1004 . 

9(51 

922 

886 

1000 ■ 

400 

1468 

1347 i 

1240 

1148 . 

i 

1070 

1017 ! 

! 1 

073 ' 

1 

933 

89(5 

862 

IGOO 

1181 

1370 

1270 

1183 ; 

1107 

1046 ; 

1003 ! 

9(55 

929 

896 

1500 

440 ^ 

1387 

1286 

1196 

1118 ’ 

1 

1054 

1010 1 

971 

935 

89(5 

870 

1500 , 

1397 

1303 ' 

1219 

1145 

1081 

1033 

995 

961 

928 

898 

1400 

480 

1306 

1222 

1147 

1083 

i 

1034 ! 

i 

996 

962 

1 

! 

929 

899 

1 

870 

1350 ; 

1268 

1195 ; 

1115 

1072 ! 

1038 1 

996 

964 i 

i 

934 

006 1 

879 


On comparing these tables, it will be observed that the 
higher the velocity and the lighter the bullet, the greater is 
the loss of speed; and that a 260gr. bullet which starts with 
2000ft.-sec. velocity loses more than 400ft. of that velocity in 
the first 100 yards. At the end of that distance, a bullet 
20grs. heavier, and starting with 100ft. less speed, already 
equals it as regards energy, and in longer ranges surpasses 
it in velocity. The same thing goes on with each increase of 
weight ; 20 or 30grs. addition to the bullet soon coinj)ensating 
for 100ft. less muzzle velocity. 
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Energy of *450 Typical Bullets at Different Kanges. 


WeiKht 

of 

Bullot 

and 

Mtl7./l0 

Velocity 

0 

50 

Yards Distance from Muzzle of Btflk. 

1 i 1 1 r ' ' 

KK) |.M) 1 -JIMI 300 330 

400 

j 4.00 

i .-iOo 

Ors. 

260 

Ft.-lb. 


Ft.-lb. 

Ft.-lb. 

1 Ft.-lb. 

! 

i Ft.-lb. 

1 

1 

Ft.-lb. 

I Ft.-Ib. i Ft.-lb. ; Ft.-lb. 
! 1 

, Ft.-n». 

ijooo 

‘2321 

1853 

1471 

1159 

' 917 

I 741 

62:*. 

; 551 

490 

' 439 

! 396 

1000 

2095 

1«G!) 

1320 

Hl39 

• 829 

678 

1 587 

; 522 

i 466 

; 418 

■ 378 

1800 

280 

1880 

1193 

1175 

93» 

. 750 

628 

j 554 

494 

I 

412 

: 398 

, 362 

1000 

2204 

1828 

1471 

1176 

I 1150 

781 

668 

59.". 

i 535 

’ 4S2 

438 

1800 

300 

2025 

1G31 

1310 

1051 

857 

714 

629 

, 564 

506 

; 45S 

1 

, 416 

i 

1000 

2417 

1986 

1621 

1318 

1075 

892 

755 

; 672 

606 

1 550 

500 

1800 

2170 

1777 

1447 

1 1 7t*> 

9G7 

810 

706 

634 

575 

1 521 

' 476 

1 700 

330 

1935 

1580 

1283 

1050 

872 

V43 

663 

598 

j 

543 

i 494 

452 

1800 

‘2387 

1993 

1(J53 

1369 

1140 

964 

831 

, 747 

679 

619 

‘ 56S 

1700 i 

360 

2152 

1770 

1466 

1218 

1024 
^ 1.321 

873 

774 

703 

641 

586 

i 539 

j 

1800 

2603 

2206 

1862 

1564 


1127 

972 

862 

789 

724 

j 667 

1700 

2322 

19(J3 

1650 

1390 

1180 

1015 

889 

810 i 

742 

683 

630 

1600 

2057 

1732 

1458 

1‘236 

1059 

920 

831 

761 

699 

645 

597 

400 








! 




1600 

2286 

1959 

1676 

1440 

1250 

1096 

977 

898 

831 

771 

717 

1500 

440 

2009 

1718 

1477 

1277 

1116 

991 

911 

842 1 

781 

717 

676 

1.500' 

2210 

1917 

: 1668 

1459 

1288 

1148 

1048 

972 ; 

907 

846 

792 

1400 

480 

1925 

1675 

1467 

1292 

1152 

1050 

974 

909 i 

848 

794 

743 

1350 

1953 

1723 i 

1 

1.529 

1332 

1240 

1154 

1063 

996 

935 

880 

828 


It may bo said, with regard to the comparative effects of 
speed and weight, that higher muzzle velocity gives a lower 
trajectory. So it does, for short ranges ; and it is entirely 
a matter for the sportsman^s consideration whether the 
flatness of trajectory is sujfficient compensation for the loss 
of power within the range for which he chiefly intends to 
use his rifle. By comparing the three tables of trajectories 
on pages 145, 149, and 151, it will be seen that, in a range 
of 150 yards, the trajectory of the 260gr. bullet is about 
two-tenths of an inch lower than the 300gr. bullet with 
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100ft. less initial speed, and half an inch lower than the 
SOOgT. bullet with 200ft. less velocity; at 200 yards the 
trajectories of the three bullets are about equalised ; and, 
after 300 j^ards, the lightest bullet, despite its high muzzle 
velocity, has not so flat a trajectory as either of the other 
two, while in striking force it is much inferior. 

Upon its striking force of course depends the power of 
penetration of the bullet. And here another question for the 
sportsman^s consideration is the nature of the ])enetration 
ho wishes to obtain. A long and slow bullet will drill through 
a thin-skinned animal without expending its force, and, by 
giving little shock to the s^’stem, will leave the beast 
with nearly all its \ngour to escape pursuit, or perpetrate 
mischief for the time being, although it may have received 
a mortal wound and eventually die a lingering death. On the 
other hand, a light hollow-fronted bullet may be smashed up 
on a tough hide, without ever penetrating at all. 

So much depends upon the nature of the j^rojectile and of 
the substance against which it is impell(*d, tliat it is difficult to 
give any general idea as to the ])enetration of bullets. We 
can here only proceed on the assumption that the target at 
which they are fired admits of jKUiet ration, and gives etjuality 
of resistance, and that the bullet does not change its form on 
impact. In such case, the penetration of bullets of the same 
calibre and the same shape Av<»uld be proportionate to the 
square of their velocity multiplied by their weight. 

Bullets ha^dng the same energy, but differing in calibre, 
would not, however, have the same power of pemotration, 
for they would be met ^vith an amount of resistance pro- 
portionate to the square of their diameter. Ilencre, if two 
bullets, of *500 and *400 bore respectively, and of the same 
weight, struck with the same velocity, their energy would bo 
equal, but the resistance to the larger bullet would be as 25, 
and to the smaller as 16, so that the former would only 
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penetrate about two-thirds as far as the latter. With some 
kinds of game the (^xtra penetration would be an advan- 
tage ; with others it would be better to have less penetration 
and greater local shock. Accordingly, in the choice of projec- 
tiles, the means must be adapted to tlie end. 

In the case of the bullets to which the foregoing table of 
energy is applicable, all that are of the same type ’would 
have ecjual power of penetration, because their weight 
increases or diminishes at the same rate as the area of 
resistance. But between bullets of different types this would 
not hold good. Those of the same calibre would increase 
in penetration with increase of weight, supposing their velocity 
to be equal ; but wdiere the area of the bore increases more 
ra])idly than the increase of weight, the penetration would 
diminish; and vire versa. Thus, with 100 ft. -sec. difference 
in initial speed, the energy of the 2G0gr. bullet and of the 
280gr. bullet of ‘"loO-bore are equal at lUO yards (see p. 237), 
and wo may therefore expect the penetration to be equal ; 
but if a *100 or other bullet had the same velocity as a '450 
bullet of the same weight, the energy would be equal, but 
the penetration would be greatest w’ith the smallest bore. 
The amount of difference may be estimated by means of the 
multiples on page 235. Supposing, for example, it were 
known tluit a bullet of *450 calibre, with a given energy, 
penetrated twenty boards of a particular kind, the pro- 
portionate penetration of a 'oOO-bore bullet, with the same 
amount of energy, would be 20 -4- 1*23, or about sixteen 
boards. The proportionate penetration of a *400-bore, with 
the same energy, would bo 20 *79, or twenty- five boards. 

If we know the penetration of a *500 bore, and want to get 
that of a *400 of equal energy, we multiply by 1*23, which 
brings the *500 to the *450 standard, and then divide by *79, 
which gives the *400 equivalent. 

In Messrs. Holland's trial in 1879, the penetration of 
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lin. yellow pine boards by ‘577-boro solid Express bullets, 
hardened by 1 part of tin to 9 of lead, was, in round numbers, 
at the rate of one board to about every 120 ft. -lb. of energy. 
With a *450 bullet, owing to the smaller area of resistaiiee, 
we might estimate the pro})ortion as 120 -4- l‘0i, or about 
73 ft. -lb. per board; if it were a *400 bullet, the correspond- 
ing proportion w’ould be 73 x *79, or one board for about; 
58 ft.-lb. of energy. But in all practical exj)eriments, the 
actual penetration would necessarily depend n])on the relative 
softness in the wood and its freedom from knots. 

CoNCLUlUKCS ReMAKKS. 

The main purpose of the writer of the^]>revious chaj)ters 
has been, while treating of theoretical matters, to endeavour 
to render them of some little practical value to those foi- 
whom the book is chiefly intended ; and n^^ourse has there- 
fore been had to such available facts as would best illustratt‘ 
the questions under discussion. If a more amj)l(* Bupj)ly of 
facts about sporting rifles had been forthecuning, the result 
might have been more satisfactr»ry ; and any further records 
of comparative trials with different weights of powder tind 
lead will be gladly acce])ted, tis such reem-ds are valuable 
in forming a ba>is for more definite conclusions. 

These notes have l)eeii expanded far beyond the writi‘r\s 
original intention, and yet he is sensible that various points 
have been passed over with little or no notice. Some, no 
doubt, are topics of more intere.st to the artillerist than Ut the 
sportsman, whose projectile.s tire in motion for v(u*y brief 
periods of time, and have comparatively small amounts of 
rise and fall. But the theme is almost bottridless in its scope ; 
and the anticipation expressed in the first of these cliaj)terH is 
fully verified on arriving at the last, viz., that the sulqeet 
would not be exhausted here. 



BOOK V. 

THE MECHANICAL CONSTRUCTION OF 
THE SPORTING RIFLE AND ITS 
AMMUNITION. 

CHAPTER I. 

GENERAL PRINCIPLES OF CONSTRUCTION. 


The main clifforGnco betvveen a shot gun and a rifle lies in the 
barrels, those of the latter being so much the heavier and 
stronger, l^he breech action and stock of a rifle also require 
greater strength than the similar parts of a shot gun, but to a 
less marked extent. The rifle also has almost invariably the 
pistol haild grip instead of the straight hand of the shot gun. 
Most of the breech actions described in Volume I. can be 
applied to double rifles for spoiling purposes, as in fact many 
are, but single rifles require somewhat different treatment, as 
we shall hereafter sec. I propose, therefore, to confine myself 
to the consideration of the barrels, ammunition, and trials of 
shooting of the modern spoilsman's rifle, occasionally noticing 
the external details of some typical rifle in each group. 

Barbels. 

Most rifle barrels are now made of steel of a specially tough 
and tenacious quality. Until a few years ago welded baiTels were 
largely used for this purpose, partly on account of their beauti- 
ful figure, but mainly because the steel then obtainable was of 
an uneven, unreliable quality, with varying degrees of hardness^ 
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and occasionally so brittle as to fracture under a moderate 
bursting’ strain in a most alarming manner. This is now a 
thing of the past, as steel manufacturers (stimulated, no doubt, 
by Sir J. AV^hitworth^s great success with his excellent fluid 
compressed steel) now constantly turn out steel as tough and 
reliable as can possibly be w’ished for by any rifle maker. The 
welded barrels, damascus or other figure, were always subject 
to imperfections or ‘^gre^'s,^’ defects that seem inseparable 
from their manufacture, and quite inadmissible in a high-class 
rifle barrel. The great difliculty also experienced in obtaining 
a welded barrel of small calibre clear in the boro adds no 
little to the cost of figured rifle barrels. With regard to the 
double barrelled rifles, the manufacturing processes to which a 
pair of these barrels are subjected differ in no essential point 
from those described in Chap. IV. of my first volume in 
treating upon shot gun barrels, though in the putting 
together process some extra care is required in determining 
to what extent the tubes shall incline towards each other from 
breech to muzzle, taking care that each tube be truly straight 
during its whole length. There is no process upon which the 
ultimate perfection of the weapon so much depends as this 
one of putting together.^^ The angle of inclination 
towards each other for each particular calibre and w^eight of 
barrel, taken with due regard to the charge of j)owder and 
weight of bullet to be used — ^having been previously asc(?r- 
tained by careful experiment — every precaution should be 
taken by the workman, so that when the operation is com- 
pleted each tube of the pair should be as straight as wlieii 
single, and the determined point of impact of each tulie when 
fired with its proper charge be as nearly as possible coincident. 
AVe all know that an expert regulator^"^ can so alter and 
manipulate a pair of badly put together rifle barrels as to 
obtain fair, and sometimes good results, but, apart from tlic 
question of unequal wear, Ac., upon a sprung tube, the 
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result can be but a compromise, some of the best points of the 
rifle being sure to suffer more or less. 

Rifling. 

In approaching the question of rifling or grooving the 
barrels for the purpose of spinning the bullet, and thereby 
insuring its approximately true flight through the air, I am 
aware that I touch upon a vexed question, nearly every rifle 
maker of note having a particular shape of groove, and some 
also a special kind of twist, for which they each claim some 
marked superiority in results over all other methods. My 
investigations into this matter, both by experiment and 
inquiry, have resulted in a rather satisfactory conclusion for 
the practical sportsmen, that is, that equal quality of work- 
manship and finish give very nearly equal results with most 
methods of riflings now in vogue ; though in some slight 
degree, in certain special cases, one method may be superior 
to others. But this superiority is sometimes counterbalanced 
by some other slight disadvantage. Any method of rifling 
barrels must be largely influenced by the ammunition to be 
used and the conditions of using ; and as, for sporting 
purposes, the rule is to employ, in proportion to calibre, 
rather light bullets and heavy powder charges (for all but 
small game rifles), we must expect quite a different style of 
groove from that of the highly-accurate target rifle, whose 
ammunition is constructed upon opposite proportions ; /.e., 
heavy bullets and moderately light powder charges. We must 
also take into consideration the conditions under which the 
sporting rifle is likely to bo used, and the necessity of providing 
for a rough-and-tumble^^ life as compared with the carefully- 
used target rifle. Upon this view of the question, we find 
most makers of sporting rifles using moderately deep grooves 
and a comparatively slow twist ; in fact, it is generally 
recognised that, for the purpose of reducing recoil and 

B 2 
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obtaining a high muzzle velocity, the twist should bo as slow 
as is compatible with accuracy at sporting ranges, while the 
groove should not be so shallow as to be rendered ineffective 
by any slight amount of accumulated fouling, or some 
unavoidable moderate variation in the hardness of the bullets. 
The groove should, of course, be easily cleaned, and not 
likely to be seriously damaged by ordinary treatment. In 
proceeding to examine the leading methods upon which 
sporting weapons arc rifled, I must refer my readers to the 
accompanying illustrations, which give a fairly accurate idea 
of each variety, though it is neces iry where such small 
values are dealt with as enter into liic grooving of a rifle? 
barrel, to somewhat exaggerate some of the details, so as to 
enable the eye to suflficiently appreciate them, and hence they 
do not pretend to indicate the dept^ of the cut. In all cases 
the dotted lines represent the ot\ tore. The following 
plans are selected as those which P , aow in general use, and 
are given in the order in which tl c/ have been brought out. 
The sketches are about four times the real siz(‘, and in all 
cases represent the barrel as viewed from the breech end. 

The Enfield Rifling. 

This was originally made with three or five grooves, but 
is now more frequently employed in a seTen-grooved form, 
with flat sides and concentric bottoms to each, as in the 
annexed plan. It has been adopted for many years by 
Mr. Turner, Messrs. Tolly, of Rinningham, and others, 
and until lately by Messrs. Holland, of ijondon. When 
used with the special ammunition of the last-named firm it 
gave very satisfactory results, though tliey now adopt a 
different method, to be presently described ; but, as might 
be expected upon an examination of this method of groov- 
ing, a slight loss most probably occurs in the niatt(?r of 
recoil and trajectory, ITiis plan of grooving, in its 
essential feature, han bAnn iu.. i-i.- 
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last twenty years, it being identical in principle with that 
used in the Government Enfield and Snider rifles — the 
chief peculiarity being what is called a progressive cut/^ 
or a gradual increase in depth of groove from muzzle to 
breech — not, as in the Henry for a short distance near the 
breech only, but for the entire length of the barrel. The 
variation of depth of groove at breech and muzzle respectively 
can bo regulated to suit the requirements of the ammunition 
or the fancy of the maker, who, by allowing a moderate depth 
of groove at breech to die out, as it were, towards the muzzle. 



Fia. ‘20. Enfield Kifling, as now used for Sfortinq Eifles. 

thereby produces the “ semi-smooth ” style of rifling As 
might bo expected from our experience of the shooting made 
by the Snider rifle, especially at sporting ranges, this method 
of rifling gives very satisfactory results, provided a projectile 
resembling the Snider bullet be used, that is, a short, more or 
less hollow bullet, uiipatched, and cannelured, with its exterior 
well lubricated with grease or wax, or some compound con- 
taining these anti -frictional substances. With a solid pro- 
jectile, if of any length, we may expect that the increasing 
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friction met with in passing every inch of the entire length of 
the barrel would have a detrimental effect ; neither would a 
similar paper covered bullet work well under such exacting 
circumstances. The manufacturing details employed in this 
system of grooving are rather more complicated than usual, 
and it is found difficult to correct or modify any small defect 
in the grooving (such as a slight bruise, scratch, or rust spot) 
inflicted subsequent to the cutting of the barrel in the rifling 
process, which may account for the system not being generally 
popular among sporting rifle makers. 

The Lancastee Oval Bore. 

The so-called oval bore,^^ introduced some thirty years 
C. Lancaster as a suitable groove for the '500 
calibre muzzle loader, has been adapted to sj^orting riflt‘s 
mainly by his successors in business, and, judging from 
report, with a fair amount of success. I have des(Til>ed in tlnj 
Fifld some good results in point of ficeuracy from a *500 
calibre Express single rifle*, but I am unable to verify any 
performances made with other calilires rifled cm ibis system, 
which was largely used by the Government for military arms 
at one time, but has been discontinued by them for a 
number of years. The* peculiarity of this rifling is that 
the interior of the barrel has two bold grooves cut opposite 
to each other and formed without any rib or edge, so 
that the barrel has obviously an oval appearance (se<^ 
Fig. 21). 'J’hi.s absence of comers, such as cfxist in oth(‘r 
styles of groove, certainly fat;ilitates cleaning, and reduces 
the liability to injury from bruising, Ac., when that opera- 
tion is carelessly performed. On the otluT hand, the gnsat 
obliquity of the bearing side of the groove used in imparting 
rotation to the bullet during its passage, seems to me to 
be calculated to set up unnecessary friction, resulting in 
diminished muzzle speed and increase in trajectory curve. 
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There is also an objection of some weight against all methods 
of rifling that have an equal or even number of grooves^ thus 
throwing two grooves opposite each other; this objection is 
not of much moment in a rifle in which the conditions permit 
a shallow groove ; but in the Lancaster system the grooves 
cannot bo shallow. Thus a bullet to give accurate results 
must quite fill up the entire depth of both grooves the instant 
of firing; and to insure this an amount of forcing is resorted 
to by increased diameter of bullet as compared with the 
calibre of barrel not in accordance with modern axioms received 
by rifle makers. This plan is most usually rifled upon an 



Fig. 21. C. Lancaster’s Oval Bore Eifling. 


increasing pitch of spiral gaining in ra|)idity towards the 
muzzle and combined with a more or less progressive depth 
of groove from muzzle to breech. 

I have already observed that in my opinion there is little 
advantage in any of the various methods of rifling now 
in use as compared with their rivals, but as Mr. C. Lan- 
caster” claims a good deal, and as his claims have been 
endorsed by many of the correspondents of The Fields I 
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insert his description in extenso, with the obvious conclusion 
that, according to the above statement, I do not endorse them 
as fully as he could wish. 

Charles Lancaster’s Non-fouling Elliptic or Smooth 
Oval-bore Rifling. 

The Lancaster oval-bore is a modification (as far as the principle 
is concerned) of the 2- grooved, but at the same time a modification 
that obviates all the objections to which that system was oj)en. 
The method of construction is as follows : The barrel is bored 
perfectly cylindrical, ready to receive the frame that carries the 
cutter, by which the bore is increased on two sides, so giving a 
major and minor axis in one and the same tube, and making the 
barrel oval in the bore instead of cylindrical, w^hich oval form turns 
spirally the whole length of the barrel, and the bullet, when forced 
through the barrel, necessarily gets a rotatory motion on its own 
axis. The great object to be obtained in a rifle is accuracy with 
the flattest ]>ossible trajectory. This is only to be obtained by a 
high velocity for the ball during its passage over a given distance. 
The initial velocity of the ball depends upon the burning of so 
much powder in the barrels. The accuracy of the ball’s flight 
depends upon its rotatory motion, that rotatory motion is imparted 
by the grooving of the rifle in most cases, and by the oval-bore in 
the Lancaster system. 

With a given amount of powder, the smaller the resistance to 
the ball in passing through the barrel, the greater will be its 
initial velocity on leaving it. The grooves on the inside of a barrel 
naturally prove a greater resistance than a smooth surface, there- 
fore the smooth surface of a Lancaster barrel gives less resistance 
(han any grooved barrel, and for a given amount of powder, the 
initial velocity of the ball must be greater and the recoil less. 

The ball having left the rifle, the great object is to keep up its 
velocity to the highest possible pitch for the sake of a flat trajectory, 
and to keep up its rotatory motion for the sake of accuracy. The 
etarding forces opposed to the attainment of this object, are the 
lesistance of the air and the friction of the air on the rotating ball 
therefore, the smoother the ball the less friction or retardation 
there will be. 

In the case of the Lancaster oval-bore, the ball leaves the barrel 
with a smooth surface, while in grooved rifles, it is more or less 
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jap^ged and indented by tbe grooves, therefore, with a given 
amount of rotary motion on leaving the barrel, the Lancaster ball 
will keep up that motion longer than a ball from a grooved barrel* 
and would, therefore, give greater accuracy along the whole length 
of its flight. 

But, having shown that for a given amount of powder the 
initial velocity of the Lancaster ball must be greater than that 
from a grooved rifle, and also that after leaving the barrel it 
jneets with less resistance than a ball from a grooved rifle, there- 
fore it has a flatter trajectory, greater accuracy and less recoil, 
hence its superiority. 

I append herewith a trial of a Lancaster smooth oval-bore 
Express rifle which took place before the Editor of the Field on 
Eeb. 12 at Wormwood Scrubbs, report of which ajipeared in the 
Field of the 17th Feb. 1883 

“ On Monday morning last, after several adjournments owing to 
the weather, we proceeded to Mr. C. Lancaster’s ground at Worni- 
w^ood Scrubs, with a view to witness a trial of one of his oval bores, 
which wo have been requested to do by several corrosj.)ondents. 
The morning was by no means favourable to good shooting ; 
indeed, the wind was so high as to tax the strength of the shooter 
ill keeping the barrel steady. It blew’^ from the right front of the 
range, and occasionally with great force, with a few drops of rain, 
which necessitated an umbrella being held over the front sight. 

“ The rifle was a single *500 oval bore, with Mr. Fitdd’s action, 
weight 101b. 6oz., length of barrel 26in. We began wdth a series 
of ten shots, with 160 gr. C. and H. No. 6, and 600gr. pure lead 
bullet, having a cavity in front, xV^n. in diameter, and half the 
bullet ; distance 100 yards. 

“ First eight shots were grouped in a space of 5in. x 4in., the 
ninth l^in., and the tenth 4in. to leeward of the group. 

“ Second series. — Powder, IGOgr. ; lead, 4k)gr. pure soft lead, wdth 
a cavity in front filled with wax. Eight shots were fired, of which 
the first six were in a group ‘3iin. square ; the seventh was Gin. 
from the centre of this group to the top right. Mr. C. Lancaster, 
having previously stated that he was hitherto making no allowance 
for wind, now declared to make a bull (1 Jin.) by allowing for wind, 
and did so, the barrel not being wij»ed out during the trial. 

“ This pcrfolrmance, even without taking into consideration the 
gusts of wind which were blowing, is a very good one, but making 
allowance for this drawback, our readers will, we think, agree with 
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US that it was highly satisfactory to Mr. C. Lancaster, who, besides 
being the maker, shot the rifle himself. 

“ The initial velocity of the heavy bullet was about 1620 feet per 
second, and that of the lighter one 1750ft., as taken by the chrono- 
graph belonging to Messrs Curtis and Harvey ; consequently, 
there should be a difference of about lin. in the elevation of the 
two at 100 yards on this calculation, yet in practice, though Mr. C. 
Lancaster took the same sight throughout, they were as nearly as 
possible alike, which can only be accounted for by the greater 
‘ jump ’ given by the heavier ball. This is a very interesting fact 
in support of the ‘ jump ’ theory.” 

The introdm tion of the breech system of loading a rifle has done 
more to perfect the oval-bore and its performances than perhaps 
any other system of rifling, because, when used with a muzzle- 
loading rifle a certain amount of windage had to be allowed to 
facilitate the passing of the bullet down the barrel on to the wad 
over powder charge ; consequently a wild shot, wfis sometimes 
obtained owing to the stripping of the bullet, which bullet was in 
those days of an ovoid form, and can? had to be taken to get the 
bullet into the oval or major axis of the barrel in loading. Tln^ 
introduction of breech-loading arms has enabled the major axis or 
oval to be very much nearer in size to the minor axis or eylindrictal 
portion of barrel, thereby considerably reducing the friction and 
possibility of a jam, which sometimes r»ccurred in the rifl(‘s where 
both the barrel and the bullet were ovoid. Tin* bullets art? now 
}>erfeclly cylindrical and conical at the front, and made on tin* very 
best j»rincii»les of Express patterns, so as to obtain tin? very best 
results. Their diameter is regulated to that of tin? ])on‘ of the 
rifles which is made in all sizes from *2‘d0 to *577, and also from 
20 to 4 bore for large game. In either ease its lateral exjjansion 
at the moment the rifle is fired, is enough to comj>el it to till the 
barrel perfectly ; in fact, to s<?al the iu)»c? hermetically till the 
projectile has left the muzzle, and so oldain its rotatory motion from 
the spiral ovoid. The bore being as smooth as tljat of a shot gun, 
it can be more easily cleaned than a grooved barrel, also as there 
are no grooves, shot can be used from rook rifles, ther<*by making 
them useful for collecting small lards abroad, and als(» from the 
larger bores in cases of emergency, when? tin? “ pot ” has some- 
times to be filled in hunting expeditions. 

Bullets may be made either of soft pure l(?ad, or may 1 m* 
hardened down to th of tin. 
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It will be seen in the above description that ^^Mr. C, 
Lancaster’^ claims a greater muzzle velocity in proportion to 
the powder used than can be obtained from other forms of 
grooving. According to the Enfield trials of the military 
arm this has not been shown, and even taking Messrs. 
Curtis and Harvey report of the velocity of the *500 bore, 
as recorded at page 250, a muzzle velocity of 1750 feet per 
second only was obtained with 160 grs. powder to 440 grs. 
lead, rather more than 1 to 3, which is as nearly as may be the 
same as that given at the Field trials of 1883 by other rifles. 

The HenfkY Eifltng. 

Fig. 22 represents a *450 express rifle barrel grooved on the 
Henryk’ system. Certainly more sporting rifles in this 
country have been grooved on this system than any other. 



especially the small and medium calibres, probably on 
account of its adoption by the Government in 1868, though 
this pattern groove was then selected on account of its suit- 
ability for a long-range military weapon carrying a heavy 
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bullet and moderate powder charge. As will be seen, there 
are seven grooves, each with a rib or ‘‘ re-entering angle 
filling up what would otherwise be the deepest part of the 
cut. Sometimes this pattern is made with nine grooves, 
especially in larger calibres than the *450. Since its first 
introduction an important practical modification has been 
incorporated with this system, which is somewhat difficult to 
describe ; that is, for some inches from the breech end the 
groove gradually deepens toward the breech, so that the 
calibre is widest at that end of the barrel, the effect being, 
that on firing the cartridge the bullet expands to the wide 
part, and gradually tightens as it passes onwards until it 
gets about one-quarter way up the barrel, whence up to the 
muzzle the depth of cut is uniform. This rather difficult 
mechanical ])roccss seems to be so necessary to the correct 
performance of the Henry barrel, that few arc made 
otherwise, though in his original s])ecification the patentee 
seems unaware of its importjince. In a ])atent for ‘^rilling 
barrels, dated 1800, by Mr. 1'urnor, of Birmingham, wo 
find this identical improvement describc‘d, also the tools, 
&c., necessary to carry it out. The tw^ist of this riiling 
in a *450 Exju'ess is uniform in sjnral, and a complete r(*volu- 
tion, in all the specimens I have examined, is made in from 
30 to 35 inches. It appears necessary in this method of 
grooving to keej) the calibre of the barrel small in comparison 
to the diameter of the bullet, showing that neither expansion, 
or what is termed ujjset,^^ is entirely relied on for securing 
the complete engagement of the groovings l>y the ])ullet. 

The Metford Hifling. 

f’ig. 23 representsa barrel, *450 Express, rified on the Met- 
ford principle. 'Ibis ineOwd is chiefly used by the firms of 
Gibbs, of Bristol, and Westley- Richards and Co., of Birtning- 
liaxn, and has not as yet come into v(‘ry gem*ral use. Though 
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various forms of groove have been sanctioned from time to 
time by the inventor, the annexed figure gives a fair represen- 
tation of the latest pattern or one of them. As far as shape 
goes it will remind old sportsmen of the cut recommended by 
Forsyth for 12-bore rifles some fifteen years or more ago. 
The great distinguishing feature of the Metford system is the 
varying curve of its spiral, starting slowly at the breech end 
of barrel (say one turn in six feet) and increasing according 
to a definite law based on the increasing effect produced by 
the powder gas, which law the inventor claims to have dis- 



covered ; so that at the muzzle the terminal twist in a *450 
Express will be about one turn in 25 or 30 inches. This con- 
stantly varying curve necessitates a patched or paper covered 
bullet, as the friction on a naked projectile would be consider- 
able from its constant change of form; and in a properly 
proportioned barrel and its relative bullet, the inventor claims 
that the effect of the changes of pitch are but just enough 
to fully shear the paper envelope of bullet without permitting 
any material injury to its actual surface. Whether any real 



264 THE MODERN 8P0RT8MAW8 GUN AND RIFLE, 


actual advantage exists in rifling sporting arms on this system 
has not as yet been made manifest, though, as will be shown 
under its proper division, there can be no doubt that the 
Metford system applied to long range target rifles has done 
good work. 

The Bigby Rifling. 

Mr. Rigby adopts a groove of the annexed shape (see 
Fig. 24), but with a very shallow cut, varying from *005 inch 
to -003 — and of the same spiral throughout. In his sporting 



rifles the cut is even more shallow than in his match rifling, 
which will hereafter be described. In the Rigby sporting 
rifles the groove is three times the width of the lands. 

Hollands^ Present Rifling. 

Messrs. Holland have handed me the annexed section 
(Fig. 25) of the rifling they now use, with which they employ 
the same smooth plan as to depth, alluded to at page 244. 

It will be seen that it closely resembles Mr. lligby^s, and 
it is also very nearly allied to that adopted by Messrs. 
Webley, of Birmingham, described below. 
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Fia. 25. Rifling of Holland’s loO Express. 


Messrs. Webley’s Rifling. 

This plan has for sonic time been adopted by Messrs. 
Webley and Son, who are well known as large wholesale rifle 



Fia. 26. Wesley’s Rifling. 

makers, and whose target rifles I shall hereafter notice in 
the section devoted to that class of weapon. This rifling is 
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cut with an uniform twist of spiral, the pitcli or amount of 
turn in a given length of barrel varying in different calibres 
in accordance with the diameter and length of bullet. The 
noticeable feature in this plan of grooving, is, that not only 
is the groove a little deeper at the breech end than at the 
point several inches nearer the muzzle, but, from the shape of 
cutting tool it is also a little wider, the object being, no 
doubt, to insure the gi’ip or engagement of the rifling upon 
the bullet without any undue forcing of the latter. This is 
obtained, I am informed, to a most satisfactory extent, as is 
shown by the use of a calibre of barrel very much nearer 
the actual diameter of the patched bullet than is usually 
practicable with some other methods of grooving. 

There are numerous other methods of grooving rifle barrels 
used by different rifle niakers, but the examples I have given 
illustrate the main features of nearly every important type. 
In large bore rifles, such as 12, 10, 8 and 4 bores, generally 
used with spherical bullets only, a number of grooves (from 
9 to 15, as the case may be), similar in shape somewhat 
to Fig. 20, with narrow lands, but cut of uniform depth from 
breech to muzzle, are generally preferred, so as to insure a 
reliable grip on the periphery of the spherical ball which can 
only take the rifling by a narrow zone, unless much upset and 
disfigured by the explosion. 

It will be seen by my readers that each plan of grooving I 
have described displays nearly in every case the anxiety of 
the maker to insure the bullet ^'taking” the rifling, as it is 
called, immediately on leaving the cartridge. There is also 
apparent a general desire to cause the bullet to tighten its fit 
in the barrel during its passage outwards, thus continuing to 
seal the joint, as it were, and prevent the powder gas, at its 
exceedingly high pressure, from passing it, until it is discharged 
from the weapon. In some instances an endeavour is made 
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to lessen the recoil by reducing the pitch of spiral toward 
the point at which the bullet enters the grooving; and, in 
fact, it Avill be seen that considerable mechanical ingenuity 
and research have been brought to bear on this apparently 
simple, but most important detail of rifle construction. 


s 



CHAPTEK II. 

SPORnNG DOUBLE EXPRESS RIFLES. 


In tlie present day Express rifles have almost completely super- 
seded all other rifles for general sporting purposes, many good 
sportsmen considering that they are fully equal to bringing 
down the elephant and rhinoceros if fairly aimed at the brain 
of either of these animals, xvhich their great accuracy enables 
the hunter to do with almost absolute certainty. From the 
enormous velocity given to the ball, and its hollow shape, the 
lead is made to spread out on striking a hard body such a.s 
bone, and, continuing to rotate with velocity, it tears a large 
hole in the interior of the chest if aimed at that part, or in 
the brain, as the case may be, and thus destroys life instan- 
taneously. In this power it resembles the shell, which was 
relied on by Capt. Forsyth for the same purpose; and not 
being liable to the accidental bursting in the barrel — to which 
the shell is sometimes prone — ^it is by so much the superior, 
and consequently it has superseded the shell in India and 
Africa, where this was formerly in general use. With the aid 
of the gentlemen mentioned at page 10, I have been enabled 
to define the limit within which an Express may be said to 
exist, and it is therefore needless to return to the subject here. 
It is now necessary to describe the bores in general use, the 
length of barrel best suited to each, and the weight of the 
whole weapon when put into the sportsman^s hands. 
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Express Bores. 

The bores now almost universally adopted are ’400, 
specially recommended by Sir H. Halford for deerstalking; 
•450, in general use for that purpose ; ’500, more especially 
adapted for dangerous game ; and *577, which is only suited 
to those who can bear a very heavy recoil, but in their hands 
is no doubt a still more fatal weapon than the *500 bore. 

Length of Barrel. 

The length of double-barrelled Expresses is on the average 
27 inches, but different makers adopt slight variations in this 
length. 

Weight. 

The total weight for *400 bores is usually about from 71b. 
to 81b.; •450,81b. to 01b.; ‘500, Olb. to 101b.; and -577, 101b. 
to 121b. ; but, as in the length, so here some variations occur 
in the hands of different makers. 

Charges used with the Various Bores. 

For Express velocities the general rule may be laid down 
that at least 1 of powder to 4 of lead must be employed, 
^.riiis proportion is sometimes increased up to 1 powder to 2 of 
lead — or nearly so. Those actually in use will be found 
given in a table of loads under the head of Amtnunition. 

Though, as I have previously remarked, nearly every kind 
of breech action described in Vol. I. may be used in the 
construction of a double Express rifle, still as a rule, for some 
considerable time, rifle-makers have almost unanimously 
preferred the kind of action known as the double grip,” 
illustrated and described at p. 144, Vol. I. This preference 
has been justified by the undoubted soundness and capacity for 
resisting wear and tear shown by this kind of breech action, 

s 2 



Fio. 27. Modern Double Express Rifle. 
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besides its great advantages for rifle purposes over most 



styles of snap actions in 
the matterof the ^^draw’^ 
or screw-liko action of 
the grip lever in firmly 
closing the barrels down 
to their place upon tho 
breechj even against thi^ 
resistance of a cartridgt^ 
that is moderately refrac- 
tory. When this breech 
action is made with the 
extended rib or ^^doirs 
head/^ as described in 
pp. 150 to 100 in Vol. I., 
it displays, in additirm 
to the advantages therc^ 
enumerated as belonging 
to this mode of con- 
struction, the additional 
feature of affordinnr a 

o 

point of resistance to the 
^Hwist,” or lateral ten- 
dency the barrels have 
to move in the brooch, in 
consequence of first one 
barrel being fired and 
then the other. The value 
of the extension in thus 
steadying the side strain 
in a rifle that fires very 
heavy charges is not to 
be over-estimated. Tho 


accompanying illustration (Fig. 27) shows a double rifle 
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having this breech action, together with those almost in- 
variable features in such weapons as the pistol grip and 

cheek piece/^ both being modifications of the usual shape 
of the ordinary gun stocks, and supposed to be peculiarly 
suitable to rifles for sporting purposes. The utility of the 
pistol grip is very generally admitted, as it not only allows 
the firer the better to sustain the recoil of the piece by 
fiiTiily drawing it to his shoulder, but it brings the finger into 
a good position for using the triggers. As to the utility of 
the cheek piece, opinions are somewhat divided. Probably 
for rifles firing moderate or light charges this form of stock 
would offer some slight advantage; but with rifles that 
recoil sharply the stock must be cast oft* to an undue 
extent to permit the introduction of the cheek piece, and too 
much cast off is a fault in a rifle stock for obvious reasons. 
The extra workmanship involved in this rather ornamental 
excrescence upon a gun stock has probably led to its con- 
tinued use as a quality mark, or an indication that a rifle is 
of a rather superior style of finish. 

Since Chap. VII., Vol. I., was written, sundry novelties 
in hainmcrless gun actions have been introduced, one of 
the most noticeable here being Messrs. Webley's positively 
safe ” haminerless action, as it is called, which, when used in 
combination with that firm^s screw grip^^ holding-down 
arrangement shown at p. 224 e, in Vol. I., is calculated 
to be peculiarly suitable for double rifles, though it is 
also applicable to shot guns. As will be guessed from the 
name applied, the distinguishing feature in this breech 
action is the arrangement for insuring safety, which my 
readers will be able fully understand from the following 
description and illustrations. 

All the safety contrivances hitherto brought forward are 
on one main general principle, namely — given a tumbler 
urged forward by a mainspring, and held by a scear, to 
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Fra . 30. 


Messrs. P. Weblet & Son's ‘‘Positively Safe” Hammerless 
Breech Action. 
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interpose some safeguard against the firing action of the 
tumbler, in case of its accidental release from the scear. To no 
one has it seemed to occur that it was possible to construct 
a hammerless action that should be safe per se, irrespective of 
any safety catches, until intended to be fired. In the arrange- 
ment under our notice this desirable result is obtained in 
a most simple manner, the mechanism being so arranged 
that, until the user wishes to fire the weapon, the pressure 
of the mainspring is forcing the tumbler hammer hachwardsy 
in a direction contrary to that needful for firing; thus, the 
arm is positively safe, and not negatively so, by 
reason of the interposition of extraneous stops and catches. 
A reference to the annexed figures will show how simply 
this is carried out. Figs. 28, 29, and 30, show the firing 
mechanism in three positions. Fig. 28 showing the main- 
spring released, and the tumbler in the fired position. 
Fig. 29 shows the mechanism cocked by the opening 
of the breech action. Fig. 30 shows the same ready for 
firing. 

The mechanism being in the position shown in Fig. 28, 
the dropping of the barrels brings it into the position 
shown in Fig. 29, where the mainspring is shown thrust 
backward from its abutment at {})) pushing before it at its 
swivel end ((?), the tumbler, until the latter is at full cock. 

The force exerted now by the mainspring is very slight, 
and is applied to the tumbler hehivd the dotted line {/ g), 
thus forcing the tumbler in the direction of the arrow. 

While the lock is in this state the scear may be removed 
from contact with the tumbler with perfect safety. There- 
fore, while in other breech-action locks the pressure of the 
mainspring upon the tumbler at full cock is the primary 
source of danger, needing tho check of safety appliances, this 
very pressure affords tho most positive means of safety in this 
arrangement, because tho tendency of the tumbler is froniy 
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not towards the firing pin or striker. It is impossible for 
this gun to be fired in the act of closing. 

It will be noticed that the mainspring engages with the 
disc (c) by the small projection at one end of its shorter side ; 
thus^ as it slides it causes the disc to turn on its centre^ and 
the outside lever or thumb-piece (/), being attached to the 
disc, moves with it. This lever gives the user control over the 
mainspring, and also acts as an indicator. To fire the gun, 
the disc (c) is turned by depressing the outside lever (/), 
thus placing the lock in the position shown in Fig. oO. 
Here it will be seen that the mainspring has thus been 
returned so as to bear upon its abutment (/^), the swivel [d) 
has assumed a line at right angles to the mainspring, this 
latter having thus become fully compressed, and its forces 
exerted upon the tumbler at a point in front of the dotted 
line (/ g)y being in the direction proper for firing, when the 
trigger is pulled in the usual course. An iin])ortaut feature 
in this lock is that, except at the actual time of firing, the 
mainspring is in a permanent condition of easr/^ there being 
no appreciable strain upon it, whereas the opposite is the 
case in all bolted or checked safety arrangcunent. 

The squared axis of the outside lover {j) passes through 
and so operates on the disc (c) of each lock ; thus, after firing 
one barrel, the other lock can be put back into the position of 
safety shovm in Fig. 29 by raising the lever. In the same way 
if, after preparing to fire, the intention be changed, the locks 
can be at once restored to the sate position, 

I think the simplicity and effectiveness obtained by this 
mode of constructing lock work, will thoi'oughly rocominend 
this breech action to the notice of my readers, though I may 
state that I have not actually tried it. 



CHAPTER III. 

LARGE-BORE RIFLES FOR ELEPHANT SHOOTING. 


These rifles, which extend from the 12-bore to the 4-bore, are 
almost invariably used with spherical balls, and are rifled 
with polygrooves, the shape of which varies a good deal, 
but is really of little consequence. Some sportsmen still 
consider these small cannon necessary to insure the bringing 
down of big game ; but the smashing power of the *577 
Express is so great that the majority now rely upon it as 
perfectly serv^iceable when jjroperly handled. Still it is 
necessary here to describe them, for the benefit of those who 
continue to prefer their use. 

No modern sportsmen, however, attempts to dispense 
altogether with the Express rifle — he only demands a bigger 
bore in addition to it ; and, if he can afford it, the elephant 
hunter makes up a complete battery of these weapons, from 
a 4-boro down to a *450, or even to a '100 bore. I am not now 
pretending to give any opinion on this subject, and confine 
myself to a description of the vfirious rifles in use by the 
modern sportsman, merely alluding en passant to what are the 
general opinions on it. The 12-boro double rifle usually 
weighs 1 lib. to 131b., has barrels 20 inches long, and is accurate 
up to 50 or even 100 yards, but is seldom relied on beyond the 
former distance. The balls used with it are described under 
the chapter on ammunition. The 10-bore weighs 121b. to 
141b., with barrels 20 inches long, and its shooting is similar 
to that of the 12-bore. 
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The 8-bore doable rifle usually weighs 161b. to 181b., and 
has barrels 24in. long. It is used with a spherical ball, and 
is not to be relied on for accuracy much beyond 50 yards. 

The 4-bore double rifle weighs from 201b. to 241b., with 
barrels about 22in. long, and, like the 8-bore, is only used 
for spherical balls. It also is only sighted for 50 yards. 



CHAPTEPt IV. 

SINGLE SPORTING RIFLES OTHER THAN 
ROOK RIFLES. 

These arc made either on the Express or long-range principle, 
the latter being chiefly used in South Africa, where herds of 
deer, &c., are often shot at from 300 to 500 yards. The 
actions used are similar to those employed for match rifles, to 
be hereafter described, and one of which will answer as well 
for a sporting weapon. They include the Snider, the Far- 
quharson. Field, Decley-Edge, Weblcy-Wyley, Rigby, and 
Fraser of this country, as well as the Remington and Sharp 
of America. The Remington is so liable to blow open, 
especially with Express charges of powder, that I should 
scarcely recommend it as an action suitable for a sportsman ; 
but all the others above mentioned may be used with perfect 
safety. 

Fig. 31 shows the sectional appearance of a single sporting 
rifle with Mr. Field^s breech action, which is, perhaps, one 
of the most commonly used in this country for rifles of this 
kind, when those are required to possess actions enabling 
the barrel to be wiped out and inspected from the breech end. 
This is considered to bo a most valuable feature in the design 
of a modern breech-loader by every rifle maker, though the 
Government steadily refuse to recognise or apply such a 
mode of construction to the service weapon, preferring that 
all the wear and tear of cleaning the barrel shall fall upon 
that portion most essentially necessary to accurate shooting. 




Fig. 32. External View of the Field Rifle. 
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i.e., the muzzle end of the same. The sectional view of the. 
Field breech-action shows at a glance the mechanical arrange- 
ments necessary to the carrying out of the functions required 
in a tolerably simple and effective manner. The external 
side lever, or main handle, is operated on by being pushed 
forward from the user and towards the muzzle; and upon 
the axle or centre of motion of this lever is attached firmly 
the duplex internal arm, shown as propping the block up in 
the firing position. A projection on each side of this arm 
engages with the inclined slot shown on the side of detached 
block (a similar slot existing in the opposite side of block) ; 
thus, when the arm is carried forward by the motion of the 
main lever, these studs act upon the lower sides of the 
inclined slots, drawing the block down until it strikes the 
extracting levers, and causes the fired shell to be withdrawn. 
While this movement is taking place, and, indeed, before the 
block commences to descend, a notch in the body or central 
portion of the internal arm engages with a projection upon the 
front or breast’^ of the hammer, causing this latter to turn on 
its axis, until, by engaging vrith the trigger scear, it arrives at 
the full cock position. The hammer can also be manipu- 
lated by the thumb of the firer, presenting, as it does, exter- 
nally an ordinary ^^comb’’ to be used in this manner if 
desired. The dotted lines show the lock mechanism in the 
fired position, the blow of the hammer exploding the 
cartridge by means of an ordinary firing pin or striker, 
which is withdrawn by a spiral spring into the block after 
relief from the pressure upon it of the hammer urged by a 
V mainspring, situated at its rear, and together with the 
hammer working in the "hand^’ of the rifle stock. This 
breech action is simple and strong in its details, and if not 
containing every feature of excellence insisted upon by some, 
is still sufficiently popular to be rather largely employed in 
the construction of the better class of single sporting rifles. 
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as I have before intimated. When a cheaper class of rifle is 
required, the Martini breech action is employed, so modelled 
as to make up into a rifle with pistol grip;^^ this action, 
however, will not admit the Express cartridges, and is con- 
sequently restricted to some form of solid bullet ammunition, 
such as the ^^musket” pattern, or the Government *577/’ ir)(). 

Of course, all or most of the breech actions enumerated at 
the beginning of this chapter arc made up by their resjiec- 
tive proprietors as sporting rifles, but I reserve my remarks 
upon them until the Match rifle portion of this volume, as most 
of them have been originated and designed for that class 
of weapon. 

Fig. 32 shews the external appearance of Mr. Field’s rifle. 

For some purposes tlie Express systeun is adopted, but in 
that case the rifle is not accurate beyond 250 yards, at the 
most. Where long-range shooting is I'oquired, the Ht‘ury 
rifling is most frequently used, but any of the grooves 
described hereafter as most applicable to the match rifle will d(» 
better 'work, and it may generally be acc(.*])tc*d as a fact, that 
whatever suits long-range match rifles will bo useful to the 
sportsman who wishes a weapon to bo used at herds of doer 
from distances exceeding those at which the F]x])]*(jss rifle can 
be properly applied. 



CHAPTER Y. 

ROOK AND RABBIT RIFLES. 


Single Eifles for rook and rabbit shooting are now made 
in large numbers, and are sold by all gunmakers at prices 
varying from 21 . to 10/. 10s. each. They are necessarily 
of small gauge, to avoid mangling these small bodies, and on 
that account are seldom larger in the boro than *300, or at the 
utmost *300. Moreover, Avith larger bullets the danger of 
wounding labourers working in the fields, and others out of 
sight of the shooter, is largely increased. The smallest 
gauge used in England is the *220, which is that of the well- 
known Ballard (American) rifle, a very useful little gun for 
the purpose in view. Almost any action is strong enough for 
a rook rifl(?, tlie powder used rarely exceeding 14grs., and 
being usually about 10 grs. The central-fire brass case is 
now invariably employed, and, of course, an extractor is 
necessary. In the present day one that flips out the empty 
case is adopted by all those who can afford the extra cost. 
The Exjiress system is rarely adapted to rook rifles, because 
accuracy is lost and the body of the bird or rabbit is damaged, 
while the only advantage is the slightly lower trajectory, 
which, at the usual distance (50 to 75 yards), is of very little 
importance. 

Messrs. Holland, C. Lancaster,^’ and Rigby have for 
some years been the leading makers of these little rifles, but 
the last-named firm have of late adopted the Ballard (Ameri- 
can) in preference to their own make. Annexed is an 
engraving of “0. Lancaster's^' present form of rook rifle, 
oval bore, together with the sights used with it. 
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Messrs. Holland and Holland's New Hammebless Book 

Bifle. • 

A very neat and efficient hammerless rook rifle was invented 
and brought out about a year ago by Mr. Henry Holland o£ 
the above firm. I saw it tried in the spring of 1883, and 
reported favourably on it in the Field of April 14th. Since 
that time it has become the fashionable rook rifle of the day, 
and has given great satisfaction to all those who have used it, 
as far as my experience goes. The following is the report in 
question — I need scarcely say that the excellent shooting 
made with its aid has nothing whatever to do with the 
action, being dependent on the rifling of the barrel, and the 
subsequent sighting and accurate aiming of Mr. Norman, 
Messrs. Holland's assistant. 

Holland’s New Patent *295 Hammerless Book Bifle. 

The principle of this action consists in the compressing of the 
main spring by means of a slotted cylinder, Fig. 34 (a) (which is 
attached to the top lever) acting directly upon the solid projection 
(6), which is forged on and forms a part of the main spring. 



Fio. 34. Section of Holland’s Hammerless Book Bifle. 


As the top lever is turned to the right to open the rifle the 
inclines on the cylinder (a) acting upon similar inclines on (6), 
force the mainspring down with a kind of screw motion, and at the 
same time the hammer-tumbler (c) is brought to full cock. 
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Nothing can be more simple than this plan, and nothing more 
pleasant in the hand. The appearance of the rifle is also verj neat, 


as will be seen from the view 
given in Fig. 36. 

The rifling grooves are very 
shallow, and the friction appears 
to be proportionately reduced, 
estimating it from the fall be- 
tween 50 and 75 yards, which 
apparently is not much more 
than lin., as far as can be ascer- 
tained by the experiments we 

50 Yards. 



Full Size. 

10 Shots in by If inches. 


Fig. 35. 


have tried. As to its accuracy 
the 10-shot diagrams here given, 
which were made consecutively 
in our presence by Messrs. Hol- 
land’s assistant on Monday, the 
2Qd instant, at their Kensal 
Green range, will speak for 
themselves, being certainly the 
best we have ever seen made. 

The barrel was not cleaned 
out after the first shot was fired. 



Fig. 30. View of Holland's Hammerless Rook Rifle. 
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and instead of going off its shooting, the last diagram made was 
actually the best. 

In changing from the 50 yards to the 75 yards range, we 
requested the same sight to be used, and the spot marked with a 
cross in Fig. 39 to be aimed at. As will be seen, the group of 
shots shows that the extra fall in the 25 yards is somewhat less 
than an inch, supposing our instructions to have been carried out, 
which we have every reason to believe they were. 

For rook and rabbit shooting, this *295 bore is, in our opinion, 
superior to the *360. First, in accuracy ; secondly, in losing 
velocity after the desired range is obtained, so that it may be used 


50 Yards. 



Full Size. 

10 Shots in ^ by inches. 
Fia. 37. 


Sporting Sights. 50 Yards. 



Full Size. 

10 Shots in ^ by 1^ inches. 
Fio. 38. 


under circumstances which would forbid the employment of the 
larger bore; and thirdly, in maintaining its accuracy for an 
indefinite number of rounds without cleaning out. We may 
now congratulate Messrs. Holland on having produced a rook 
and rabbit rifle which completely fulfils all the conditions required 
by the sportsman, and may be considered an absolutely perfect 
weapon. 

Card targets were used, and were signed by us. At first there 
was only a light air from the left, but when shooting at 75 yards 
the wind freshened up from the left sufficiently to affect so small 
a bullet at that range. 

T 2 
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Summary at 50 Yards Eange. 

1st Series 10 Shots, all in IJin. by Ifin., 8 being* in l^in. square. 


2nd „ 

10 „ 

„ -^in. by Ifin., aoe Fig. 35. 

3rd „ 

10 „ 

„ fin. by 37. 

4th „ 

10 „ 

„ lin. by 2fin., 9 in lin. by Ifin. 

5th „ 

10 „ 

„ fin. by Ifin., see Fig. 38. 


The 3rd series were fired with ordinary sporting sights. All the 
shots would have struck a i>enny piece. The other series were 
fired with aperture sights. In each diagram the circle shows the 
actual size of the bull’s eye aimed at. To sum up, out of the 50 
shots fired at 50 yards 46 were in a l-^in. square, and 42 were in 
1-1-in. square. 

75 Yards. 

10 Shots, all in l^in., by 2iin., see Fig. 39. 



Full Size. 

10 Shots in 11 by 21 inches. 
Fig. 39. 


The above rifle is an expensive one, being lOgs., or double 
that of a good plain hammered rifle as made by the same 
firm, as well as by others of the same character. 

The rifling of rook and rabbit rifles made by different firms, 
varies slightly in its details, but it generally consists of five, 
six, or seven shallow grooves, with a very slight twist. I 
have been favoured by Messrs. Holland with two diagrams of 
the rifling used by them, which I have had engraved. 
The depth of cut is exaggerated, as it is so slight as 
scarcely to be visible, if drawn according to scale. On 
reference to the rifle trial of 1883 , which is hereafter given. 
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it will be seen that Messrs. Holland's rook rifle made 
diagrams in public of much the same dimensions as the 



Fia. 40. Holland’s *295 7-giiooved Book Rifle. 
above which were made in private, though not under such 
favourable circumstances. My own opinion is that in these, 
as in all other rifles, the principle of the rifling is com- 



Fig. 41. Holland’s *295 9-grooved Rook Rifle. 

paratively of little consequence, the accuracy of shooting 
depending on the workmanship and final regulation. 
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Fio. 42. Mr. Field’s Hammekless Rook and Babbit Rifle. 
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Another form of hammerless action applied to rook rifles is 
the one shown in the annexed engraving. It is by Mr. 
Field, and the cocking is effected by the fall of the barrel, 
the thumb lever only being used for securing the barrel in 
its place ready for firing; the sectional illustration (Fig. 42) 
sufficiently explains the mechanism of this rifle, which appears 
to be both strong and simple in its details of construction. 

Morrises Tubes. 

A plan has been lately introduced by Mr. Morris, by 
which a tube rifled for a *230 ball is slipped into a larger 
bore, which may be either rifled or plain. In this way a 
20-bore shot gun, or *450 or *500 Express, may be made 
suitable for rabbits or rooks at a trifling extra expense. 
A full description of these tubes will be given hereafter 
under the head of Match Rifles.’^ 

Double Rook Rifles. 

These are sometimes made, and are specially adapted for 
rabbit shooting, where a second shot is often to be had 
within the time that a cartridge can be extracted and 
replaced. Any of the actions for shot guns described in 
Vol. I. will suffice for the purpose. Of course, there is the 
extra difficulty in getting the two barrels together to be 
overcome, and this adds so much to the cost, that few 
sportsmen care to go to the necessary expense. 



CHAPTER VI. 

COMBINATION RIFLES. 


A COMBINATION of the rifle and shot gun is made by several 
firms, and notably by Messrs. Bland, who have entitled it 
the ^'Cape Rifle,’^ being intended chiefly for use in South 
Africa, where all sorts of game are sometimes unexpectedly 
met with. It is alleged by many sportsmen that the com- 
bination spoils the shooting of both barrels, but in a trial of 
one made by Messrs. Bland, selected by chance out of their 
stock, I made excellent shooting at 70 and 100 yards with 
the rifled barrel (*577 bore Henry) and also with the smooth 
bore, so that I think that objection cannot be maintained, 
though, of course, the perfect balance and consequent ready 
handling of a well modelled shot-gun cannot be expected in 
a weapon so heavy forward, as the additional weight of the 
rifle barrel causes such a weapon to be. The action is on the 
ordinary double grip principle. 

Messrs. Silver^s Transvaal Rifle. 

Messrs. Silver and Co., of Comhill, also make a rifle which 
can be used with either a rifled or smooth bore barrel. On 
this plan each barrel is removable, being screwed into the 
action as shown on the annexed block. I have not tried the 
shooting of this, which is called their Transvaal BiQe/^ but 
there is no reason why it should not be up to the high level 
of the usual w6rk turned out by the above firm. It consists 
of a stock into which any one of a series of barrels may be 
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screwed, so that it may be used either as a shot gun with a 
smooth barrel, or with a •450 or *577 Express. Fig. 43 
shows the stock separated from its barrels, one of which is 
a rifle and the other a smooth bore. 



Fia. 43. Messrs. Silver's Transvaal Bifle. 


C. Lancaster’s 4 Barrelled Combined Eiple and Gun. 

This combination is on the plan described in Vol. I., at 
page 232, two of the barrels being rifled, and the other two 
smooth. The plan is especially adapted for the foreign market. 


CHAPTER VII. 

REPEATING OR MAGAZINE RIPLES. 


By repeaters is understood a plan by which a rifle may, be 
made to discharge a number of shots, without reloading, the 
cartridges being contained in a tube which is either in the 
stock, as in the Spencer repeater, or under the barrel as 
in the Winchester, Henry, and Colt. The Spencer tube only 
holds 9 cartridges, but the others all contain 12 or 14, though 
it is far better to charge them with only 10, as the spring soon 
becomes weak from over compression. The Spencer is quite out 
of date in this country, and the Henry is superseded by the 
Winchester,^^ which, in its turn, is likely to be hard pressed 
by the Colt,’^ a recent production of that celebrated factory. 

The Winchester Repeater. 

Early in the year 1875 I carefully examined and reported 
on this repeater in The Field in the following terms. The 
opinions I then gave have been subsequently fully confirmed, 
as the weapon has been to some extent used in all parts of 
the world, though to British sportsmen accustomed to the 
high degree of perfection of form and handling attained by 
rifles of home design and manufacture, there is a sense of 
awkwardness inseparable from these weapons largely due to 
their somewhat uncouth outlines, rendered necessary no doubt 
by the exigences of their construction by machinery. That 
this disappears in time on becoming familiar with the arm is 
doubtless true, but there is always something different in the 
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handling of a repeater, especially with its magazine charged, 
that contrasts disadvantageously when compared with a 
neatly made single or double rifle; and, taking the aver- 
ages of sporting experiences into consideration, I much 
question whether the rapidity of fire so much lauded is quite 
an equivalent, at least with a sportsman trained and ac- 
customed to the latter types of rifle. 

The new model central fire Winchester Eepeater is the product 
of long and carefully noted experience (dating from 1858), gained 
both in warfare and in the sporting fields of America and Canada. 
As a means of comparison, showing how this arm was developed 
(or rather its principle), it may be useful to refer back to the 
period when the revolver — then sometimes termed a repeater — was 
introduced here through the medium of the first exhibition (1851) > 
by Col. Colt and Messrs Deane and Adams. It was then felt to be 
an immense advantage to have several shots available instantly for 
an emergency ; and this impression was so true, so well founded, 
that to this day the revolver, as a portable arm, has never been 
superseded in its particular line, namely, that of defence. When, 
however, the principle was called into request for sporting rifles, it 
failed, for it was found impossible to obtain anything like decent 
accuracy beyond 80yds. or 100yds. ; and even then the best figure 
of merit was obtained by using a spherical bullet, the conical 
bullets invariably going wild. This failure in the revolving rifle 
was owing to the fact that it is mechanically impossible to adjust 
the chambers so that each bore shall coincide accurately with the 
bore of the barrel at the instant of discharge. No tool can correct 
this ; the calibre of barrel being two or three sizes less than that of 
the chambers (in order to make the bullet take the rifling) 
sufficiently explains the difficulty. The above-named inventors. 
Col. Colt and Messrs Deane and Adams, each went into the subject 
and exhausted it, but failed. It was found impossible to insure 
the axes of the two bores coinciding. The difficulty nearly 
disap 2 >ears in a single breechloader, as the bore acts as a guide* 
while the chamber is being cut into it, though not dispensing with 
the workman’s judgment, as he must get it true to his eye during^ 
the process. This, however, applies more particularly to the boring 
of the barrel itself. 

The failure of the revplver principle when applied to rifles and 
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tested for accuracy, no doubt stimulated the 
manufacture of the repeater. In its early 
patterns — the Spencer, the Ball and Lamson, 
and others, including the Henry (Amei*i- 
can), which Mr. Winchester selected as the 
then best to base all his projected improve- 
ments ujK)!! — the mechanism was generally 
pronounced too complicated. The great 
fault lay in the difficulty of refilling the 
magazine ; in most cases it necessitated the 
dismounting of the gun by removal of the 
magazine, which is almost impracticable 
under excitement. But this inconvenience 
was submitted to, from the need felt of some 
such arm capable of delivering a continuous 
fire, and with more accuracy than the re- 
volver. The new model Winchester is the 
result of a long and costly period of ex- 
perimenting by the Winchester Arms Com- 
pany, who determined to produce a weapon 
which should unite the simplicity of a single- 
loader with the immense advantages of an 
untouched reserve of, say, fourteen shots, 
having all the rajadity of a revolver when 
needed, but equalling in accuracy the best 
known single-barrelled arm, even up to the 
very longest ranges that can be commanded 
with the limited charge of ])owder and lead. 
This was not the whole of their aim. It 
was also determined to reduce the number 
of working parts, and their arrangement to 
the simplest possible conditions, and exter- 
nally to give a compact, handy appearance to 
the arm. Too much stress can hardly l>e 
laid on this point, and the confidence it 
must afford to the shooter when excited, 
that, whether the magazine be full or half 
full, or with only two or three in it, he can 
instantly suspend his reloading, and either 
use the few that are in, or load and fire 
singly. The breech mechanism is a matter 
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of surprise to all from its extreme simplicity. By taking out one 
screw on the left side of breech the covering plate comes off, 
showing the action, the connections of which are simply two stud 
pins, convincing any person that it cannot possibly get out of 
order. With regard to strength, it may be remarked that all 
these new model arms pass the London Proof House, and bear the 
well-known London proof marks — ^the most severe test that can 
be applied — but it does not in the slightest degree affect their 
working. 

It may be that this new and undeniably well-designed arm, pos- 
sessing as it does rapidity, accuracy, long range, and simplicity of 
parts, will eclipse all single-loaders, even from a military point of 
view, but at all events it must commend itself to the attention of 
sportsmen. There are but few who do not appreciate the advan- 
* tage possessed by a double-barrelled rifle over the very best or most 
rapid single barrels. The double has its two shots available, while 
the single, even in the hands of an expert, may, in the act of taking 
a second cartridge from the pouch, lose a valuable chance. At a 
target the single breech-loader will, in good hands, deliver twenty 
or more shots within the minute, but fails entirely to deliver two 
shots in succession so rapidly and accurately as a double-barrel 
would do. The thing is impossible ; hence no single will ever 
supersede a double, whether it be against a charging animal or a 
flying one. 

If this advantage be so patent in an ordinary double, it is clear 
that something must accrue in the presence of a repeater with its 
fourteen cartridges already inserted, and therefore available while 
the animal is in sight. Up to 800 yards the accuracy is said to 
be remarkably good, but we have tested it at ordinary sporting 
distances — say 100 yards to l>egin with — when the whole fourteen 
shots may be made to touch each other, or nearly. This is as much 
as the best-known single breech-loader will do ; in fact, the con- 
ditions and performances are similar, only that repeater cartridges 
are inserted in the barrel mechanically, and in single-loaders by 
hand. 

To load : at right hand side of breech is a small trap (see Pig. 
44) ; press the point of bullet against this, and push forward the 
cartridge sharply each time, until the fourteen or any less number 
are inserted. To fire: Throw down the lever sharply, and close it up 
again ; then press the trigger. After firing, throw down the lever 
as before ; this ejects the exploded cartridge shell. Closing up the 
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lever inserts a fresh one. These movements may be as rapid as the 
hand itself can move, or as slowly as desired ; it matters not how ; 
the rate of movement in no des^ree affects the action. As before 
mentioned, there is no particular necessity for having the magazine 
quite full before commencing to fire, neither need it be empty 
before reloading ; and, supposing the magazine to be full, and one 
shot from it fired, another cartridge may be inserted, and that fired, 
and so on, leaving the magazine intact for an emergency. The 
whole fourteen shots can be fired in as many seconds without remov- 
ing rifle from the shoulder. 

Fig. 44 represents the sporting pattern with heavy barrel, for 
very accurate practice. Weight, 8^1b. ; length over all, 3ft. 7^in. ; 
magazine, 14 shots. 



Fig. 45 . Winchester Kepeateb a^ter Firing. 


Fig. 45 gives a section after firing. 

Fig. 46 gives a section with lever depressed. 

The agents in London are Messrs. Kerr and Co., 118, Queen 
Victoria-street, London, E.C. 

Since the above report was written, this repeater has been 
made to take a cartridge on the Express principle, with 
80grs. powder and 300grs. lead, but of course with a reduc- 
tion in the number of cartridges in proportion to the 
increased length of the Express case. 
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I have recently seen this repeater shot at Nunhead^ under 
the supervision of Mr. Kerr, both with the Express charge in 
a ’SOO-bore, and with that employed for rabbits and rooks in 
a • 330-bore, each at 100 yards. The former gave very fair 
diagrams, but not equal to those made with first-class Express 
English rifles using corresponding charges ; but I am inclined 



Fig. 46 . Winchester Repeater Open. 


to believe that the fault was in some measure independent of 
the rifles. 

Of course the Express charge could not be expected to 
come up in accuracy to that used by Dr. Carver in a smaller 
bore, and which many of the correspondents of the Field 
have reported on as extremely reliable. 
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Ths Colt Magazine Bifle. 

The patent for the Winchester Repeater haying expired 
seyeral American firms have brought ont modifications of its 



principle, among which may be mentioned the well-known 
firm of Colt and Company. Annexed will be found a reduced 


THE COLT MAGAZINE RIFLE. 


289 


view of their Magazine Rifle (see Fig. 47), by which will be 
seen that it closely resembles in external form the Winchester 
Repeater, as described in the previous pages. Figs. 44, 45, 
and 46. I have myself shot this rifle at 50 and 100 yards, and 
made excellent practice with it ; indeed, the well-known 
excellence of the Colt rifling will speak for itself in this 



Fig. 49 . Colt’s Magazine Biflb Opened. 


matter, and I have simply tested it with a view to ascertain 
whether its working could be relied on, in which respect I 
can confidently recommend it. I give sections of the Colt 
corresponding with those of the Winchester, so that my 
readers may judge for themselves of the resemblance between 
them. 


u 



OHAPTEE VIII. 

AMMUNITION FOR SPORTING RIFLES. 

General Remarks. 

In commencing the task of investigating the ammunition 
suitable to, and used for, sporting purposes, I shall not 
enter into a description of any of the numerous varieties which 
owe their existence to caprice, or something worse, rather 
than to their practical value to the sportsman, but shall devote 
my space to a full consideration of those standard types of 
cartridges which are of approved and generally acknow- 
ledged excellence, with a view of placing before my readers 
as complete an amount of practical information on the sub- 
ject as I have been able to accumulate. 

The main features to be considered in sporting, as in all 
breech-loading rifle cartridges, are, (1) the case or shell 
containing the charge ; (2) the cap or primer for its ignition ; 
and (3) the powder, which, in these chapters, will be taken 
as Curtis and Harvey^s No. 6 treble strong, unless otherwise 
stated — this brand of powder having, from its great uniformity 
and other qualities, been adopted as the standard powder for 
rifle work for a number of years ; (4) the wad or wads, for 
confining, as far as is practicable, the powder gas behind the 
bullet, and also for sweeping and lubricating, if possible, the 
barrel with each successive discharge ; and, lastly, the bullet 
or projectile, made of lead, more or less hardened with tin or 
other alloy. This in general is of conical form, and more or 
less hollow, or otherwise constructed so as to expand on 
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striking, and thus inflict as severe a wound as possible in 
proportion to the calibre of the weapon used. As a rule, 
these bullets are wrapped in a jacket of fine tough paper, for 
the purpose of diminishing, in great measure, the actual 
contact of the lead with the interior of the barrel in the act 
of firing, though a naked and unpatched bullet is sometimes 
used and recommended by some rifle makers. I confess my 
inability to discover any material advantage likely to accrue 
from the use of the naked projectile ; on the contrary, how- 
ever it may be grooved or cannelured,^^ and coated with 
lubricating compounds, there is always the danger present, 
that when the rifle, from neglect or ill usage, gets roughened 
or rust-pitted inside the bore, this bullet, in rushing over 
such rough places, is much more likely to suffer abrasion, 
with its attendant leading, — impairing, if not destroying 
the accuracy of the arm until the defect is corrected in the 
workshop. Other minor, but still objectionable, features in 
unpatched bullets are, the facility with which the coating of 
lubrication picks up and retains particles of sand and grit, 
so universally diffused at times in the dust-laden atmosphere 
of India and similar climates ; and the effect produced on 
the interior of a fine rifle by the use of such scouring material 
can be easily understood. Again, it must be remembered 
that the continued contact of grease or fat with the lead soon 
causes the formation of a crust of oxide on the surface of the 
metal, and (in bad cases) renders the projectile nearly if not 
quite useless. This effect is produced, according to Sir F. 
Abel, in a ^Wery short time, even when the lubricating 
material was composed of one part of tallow only to five 
parts of beeswax.^^ On the other hand, the only objections 
to the paper wrapping is that it is affected by damp, and that 
the art of patching bullets — when these have to be made up 
by the sportsman away from a supply of machine-made ones — 
requires a little attention, and causes some little trouble. As 

u 2 
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to the first objection^ I can only remark that the same attention 
bestowed on keeping one^s powder dry will be more than 
sufficient for paper-covered bullets ; and^ as to the patching, 
ten minutes devoted to the details of the process will enable 
anyone to master it. With respect to the comparative work- 
ing of the two kinds of bullets during firing, there is no 
doubt that, when everything is in good condition, and at short 
ranges, the unpatched bullet works well, but certainly not 
better than the patched one; while at long ranges we yet 
await the introduction of the former. 

Cartridge Cases. 

I shall avail myself of the ready and popular existing 
method for dividing sporting rifle cartridges into three classes, 
easily distinguished from each other by the differing external 
appearance of the case or shell holding the charge. The first 
division is that in which the coiled brass Eley-Boxer expanding 
shell is used. This plan is most generally used for the leading 
Express calibres, such as *360, *400, *450, *500, and *577 — 
especially the three latter sizes ; and also for the well-known 
long or mid-range Government patterns, *450 or ^^Martini- 
Henry," and the *577 or Snider " cartridges. The next 
division includes solid-drawn metal shells, of which there are 
a great variety, including those suitable for the calibres above 
mentioned, also the small sized so-called rook rifle cartridges 
*380, *360, *295, and *220, &c. The third division is entirely 
confined to the larger bores, the shells being of pasteboard, 
similar to, and in many instances identical with, the well-known 
shot cartridges for 12 and other bores; in the larger sizes 
(8 and 4 bores) the case is made proportionately stronger. 

The Eley-Boxer cartridge (so called after its joint- 
inventors) claims our first attention. This mode of con- 
struction was first devised to meet the requirements of the 
Government for a breechloading cartridge to suit the then 
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(about 1865) newly-adopted Snider breech action for military 
purposes. It was designed to suit an arm with somewhat 
feeble power of extracting the fired shell; and one of the 
chief points was to render that process an easy one. No 
doubt it has answered admirably when kept to its original 
purpose — that is, employed in a fairly large calibre, with 
moderate powder charge, and an expanding bullet requiring 
no wad or auxiliary gas check. The wide experience gained 
during our long use of the Snider rifle has, no doubt, satis- 
fied everyone that this type of shell, when so used, works 
well. Following the lead of the authorities, rifle-makers 
began to apply this style of cartridge to other conditions, 
that is, to small calibres, high powder charges, and bullets 
quite destitute of the expanding property of the Snider 
compound projectile — in fact, bullets more or less solid, and 
requiring a wad or auxiliary gas-check. Sporting cartridges 
of this character, made up suitable for the Express rifle, have 
been largely used ; and even now some rifle-makers continue 
to turn out weapons regulated for this ammunition. There is 
some excuse for the continued use of the Boxer shell in those 
oases where only a moderate amount of accuracy and power 
is required ; but its prominent defect will always debar its 
use where the highest degree of excellence is insisted upon. 
The walls of the shell, only some •004in. in thickness, and its 
formation into a cylinder only by the strip of metal being 
rolled on a peg or mandril, effectually prevent the use of a 
proper well-fitting wad or gas-check of such large diameter, 
as compared with the bore of rifle, as has been proved beyond 
dispute to be requisite before the wad can perform its work 
properly. The mode of securing the bullet in these shells is 
open to grave objection — it being either crimped,^^ when the 
shell is forced into a groove or cannelure extending round 
the bullet near the base, or two indentations are pinched into 
the bullet when in place through opposite sides of the shell. 
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In either case it is but partly secured, and, in consequence, 
the cartridge suffers in both accuracy and portability. This 
inability to take a proper-sized wad is the great failing of the 
coiled shell ; the minor ones being its inferior capacity, length 
for length, when compared with the solid-drawn shell, and its 
composite structure — one part being attached, more or less 
soundly, to the others, with the liability to disruption under 
those exceptional strains and conditions generally occurring, 
in sporting experiences, at the wrong time. That this plan 
affords a fairly cheap and moderately effective class of sport- 
ing ammunition, I do not deny. The case is easily extracted 
after firing, but is not very well adapted for re-loading ; and 
it gives, no doubt, every satisfaction to that class of sports- 
men who are content with little trouble and moderate results. 

The group opposite illustrates the Eley-Boxer *500 Express 
cartridge. Fig. 50 being an external view, Fig. 51 a vertical 
section of the same, and Figs. 52, 53, and 54 similar sections 
of the lower part of the shell in the making up stage of 
manufacture — showing the principal components of the plan 
and the manner in which they are built up. The case con- 
sists of a piece of sheet brass, cut into the proper shape, and 
from *004 to *005 in thickness. This is wrapped round a 
former, having been previously coated on the inside with 
lacquered paper to assist in keeping the shell waterproof and 
prevent deterioration of the powder. The end of the coil so 
obtained is then turned in, and, together with the '' ])a])er 
pellet^^ and ^'base cup^^ and iron ^^baso disk (which latter 
has previously had a cap chamber’^ inserted therein), are 
assembled as in Fig. 52, (the base cup being inserted in 
a mould to prevent bursting under pressure). I'he j)ellct is 
then forced down (as in Fig. 53) by a suitjibly-forrned j)unch 
applied inside the shell, the effect being to bind the whole 
together. Fig. 54 shows the final stages of this process, 
only here another punch has swelled out the head of the 
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cap chamber into a bulb^ firmly riveting it at the same time 
to the base disk by the countersink in it. The fiash hole ” 
is now pierced in the dome of the cap chamber^ and the 
shell is complete and ready for the reception of the primer 
and anvil, which are shown in position in Fig. 51. 



Fia. 50. Fia. 51. Fig. 53. Fig. 54, 


Express Eley-Boxsr Cartridge. 

The charge of 120grs. powder is poured into the shell, 
and a thin (•025in. thick) jute wad laid upon it, then a hard 
felt wad (‘090 thick, '520 diameter), another jute wad, then 
the bullet, 340grs. in weight and ’SOOin. in major diameter, 
wrapped, nearly three-fourths of its height from base, with a 
paper patch going twice round, making it *508 over all. 
When the bullet is placed in position, the shell is pierced, and 
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so driven inwards on each side of it as to secure the bullet 
from falling out when the cartridge is ready for use. The 
bullet is machine-made— that is, ^^swedged^^ in tools under 
considerable pressure; it has a flat base and a hollow or 
cavity from the point do^vnwards for more than half its 
length, having a copper tube inserted to preserve the 
symmetry of the point and also the accuracy of flight, which 
would be somewhat impaired if the hole in front were left 
unstopped. On glancing at the section of this bullet shown 
in Fig. 51, it will be seen that it is not well proportioned for 
accurate flight, being short in comparison with its diameter, 
and obviously with its centre of gravity much behind its 
centre of figure — faults calculated to develope errors in flight, 
increasing in intensity as the range fired at increases in 
distance ; therefore we must not expect much accuracy from 
this bullet except at the short and medium sporting ranges. 

As to the point involved in the relative diameter of the 
wad with the work it is supposed to do, it will be found on 
examination that the chamber,” or recess cut in the breech 
end of the barrel to receive this cartridge, cannot be less in 
diameter than -535 across the base of the bullet, on account of 
the overlap in the wall of the shell. Thus, when the shell is 
expanded to fit the chamber in firing, its inner diameter 
cannot be less than *520, allowing ’005 for thickness of shell 
on one side, and ’010 on the other on account of overlap; 
but, we have before found that the wad is only *520 diameter. 
Then where is the gas check ? 

That the wad may, or may not increase in diameter to a 
certain extent under the pressure of the gas is a question that 
does not apply specially in this case, more than under like 
conditions in the solid drawn shell; therefore it can be left 
out of the question. 

I have selected the *500 cartridge to illustrate these 
points in the Eley-Boxer system as applied to Express ammu- 
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nition, but the other calibres are affected by the same faults, 
rendering it unnecessary to further consider the coiled case 
as applied to sporting purposes. 

Solid Drawn Shells. 

Our second division of sporting ammunition is that in 
which the shell or case is formed of one entire solid piece of 
tough hard metal, an alloy of copper, &c. ; in fact a brass, 
that should be specially constituted with a view to the 
manufacturing processes it has to undergo, and its ultimate 
work as a cartridge case. It must be sufficiently strong to be 
capable of resisting severe strains, at the same time it must 
have the requisite flexibility to admit of re-sizeing or reducing 
to its original dimensions after firing. This solid drawn shell, 
as it is called, to distinguish it from the coiled one just 
described, made its first appearance in this country some 
eighteen years ago from the United States; then, however, in 
only a partly developed form — that is, instead of the solid 
head of thick metal from which the thinner walls of the shell 
are elaborated by an exceedingly ingenious series of operations 
presently to be described, the head was then formed of metal 
uniform in thickness with the rest of the shell, the rim being 
folded or raised over, and having a cavity between its folds 
used to hold the fulminate acting as the means of ignition in 
the once popular rim-fire cartridges. With anything like 
a modern rifle charge these shells were very unsafe, and even 
with light charges, unless made of the best metal, they were 
apt to burst at the rim. They were also objectionable as 
they did not admit of re-priming for use after the first firing. 

Shells of this design, but with central fire primers, 
were soon introduced, strengthened internally with a base 
cup; but it was found that nothing would stand the heavy 
strain upon a rifle cartridge, loaded to suit the requirements 
of modern sport, but the solid drawn shell, which, since its 
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introduction^ lias become the only resource of the rifle-maker 
when the best results are to be obtained. 

Before we go into the manufacturing details connected with 
the production of these shells^ it will be well to examine a 
few of the special points involved in their use, their varieties, 
and their respective values from a sporting point of view. 



Fia. 55. 


Fio. 56. 


Fia. 57. 


Expbess Solid Drawn Bottled Cartridges. 


There are two kinds, of very different shape, one known as 
the bottled ” and the other, the so-called straight or 
taper shell, this latter having a slight and uniform taper 
for its entire length from the head upwards; the bottled 
shell being tapered to a similar extent only to a point towards 
its mouth where it is suddenly reduced in diameter, or 
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necked to an almost parallel tube, more nearly approach- 
ing the calibre of the barrel it is used in than the body part 
of the shell. This form, as of somewhat earlier introduction, 
we will take first. 

The annexed figures illustrate two specimens of bottle- 
necked cartridges. Figs. 55 and 57 being the ordinary ’500 
Express, containing a charge of 130 grains powder, and 
similar wads and bullet to those employed in the cartridges 
shown in Pig. 51, except that in this case the superior rigidity 
of the shell permits the use of a large and well-fitting felt 
wad. It will be seen at once that in a shell of this model the 
quantity of powder used must come up to, or properly be 
rather above, the shoulder. If this is not the case, the wad 
is apt to drop below the neck into the wide portion of the 
shell, and thereby impair, if not utterly destroy, one of its 
most important functions, that of retaining the powder gas 
behind it, and thus preventing it from rushing past the bullet. 
Consequently in these shells one regular charge must be used, 
as there is no ready means of reducing the capacity of the 
shell at the wish of the user. Fig. 50 shows what is called 
the Magnum *500 Express cartridge, holding about 30 
grains more powder than the ordinary pattern, and designed 
to satisfy the wants of sportsmen who, having to encounter 
actively dangerous game, require strong smashing power, even 
at the cost of some deterioration in accuracy. But this latter 
defect is not perhaps of much importance at the short ranges 
within which it is considered judicious to fire at the more 
dangerous animals. 

• Eeverting to the question of using other than the regular 
charge in a bottled cartridge, though not advisable from one 
point of view with a double rifle for reasons explained in the 
next chapter, circumstances will arise where a reduction of the 
powder charge may appear beneficial. The existence of this 
want, together with the opportunity afforded of being able to 
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use solid drawn shells in rifles chambered for the Eley-Boxer 
case, has led to the production of the taper solid drawn shell, 
illustrated in Fig. 58. This represents a ‘500 Express cart- 
ridge of this kind ; Fig. 59 showing a similar taper solid 
drawn shell made to agree with the ‘450 Express Eley- 
Boxer cartridges. Fig. 60 showing the *450 Magnum Express 
cartridge. The *500 solid drawn cartridge is identical in 
length and external diameter with the Eley-Boxer *500 shown 
in Fig. 50, but in consequence of none of its internal capacity 
being taken up by the paper pellet of the latter, there is no 
difficulty in getting in at least ten grains more powder, leav- 
ing ample room for proper wads and a secure bullet hold. 

At this point, where we have arrived at the consideration 
of two cartridges that are interchangeable to a degree in the 
same rifle, it will be proper to remark that the sportsman 
must only expect to be able to utilise this dual arrangement 
to a limited extent. It will be fully explained in the next 
chapter that no material change in ammunition can be 
expected to give good results (in a double rifle especially) if 
the arm has been originally regulated in a proper manner for 
its normal charge. The general construction of this taper 
shell differs in no material feature from that of the bottled 
one previously described. In fact, all solid drawn shells are 
made on the same general principles ; and, where any varia- 
tion is apparent, it will be found in the arrangement of the 
^‘cap^^ or primer,” and its anvil,” or such construction 
as is equivalent to the latter. 

Figs. 61 and 62 show an arrangement of primer without a 
separate anvil, in which a little elevation or dome will be seen 
to be raised within the cap chamber, against which the inside 
or primed portion of the cap is forced by the blow of the 
striker to cause ignition. The flash is conducted to the charge 
either by two holes (Fig. 61), one on each side the dome, or 
by a single one through its apex (Fig. 62). This construe- 
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tion is not generally approved, as the dome is apt to get 
beaten down from the blow of the striker when the shell 
is used a second time^ while the flash-holes at the sides, 
having to be used when extracting the fired cap, are incon- 
veniently situated for that purpose. In the ordinary arrange- 
ment, shown in Fig. 67, on page 298, the fired cap containing 
its anvil is easily thrust out by means of a wire peg suitably 
mounted and passed through the central flash-hole in the 
cap chamber. 

Before passing on to the smaller kinds of solid drawn 
cartridges, it will be well to notice a few imperfections exist- 
ing in the shells for full Express charges that we have already 
examined. It will be seen from the illustrations that in neither 
the taper nor bottled kind is the neck of the shell long enough 
to properly cover the papered portion of the bullet, when 
suflSicient room has been left for an effective wad. This I 
consider to be a mistake, as a longer neck would not increase 
the total length of the loaded cartridge in the least, but the 
security of the bullet in the shell, and its consequent superior 
endurance of rough usage, would be much enhanced if the 
shells were another quarter of an inch or so longer in this 
part. I think also that the taper shell would be much better 
if slightly necked or made nearly parallel to some little 
distance below the situation of the wad — thus insuring the fit 
of the latter — and not, as at present, impairing that fit by the 
gradual widening of the interior of the shell from the mouth 
downwairds. There can be no doubt that the bottled shells 
would decidedly be the better for both necking a little lower 
as well as increasing the length of neck. This would allow a 
charge of powder below the maximum capacity of the shell to 
be used, without destroying the arrangement by which the fit 
of the wad is secured. 

We will now turn our attention to the smaller descriptions 
of solid drawn cartridges. Fig. 63 shows the -400 bottled 
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Express, and Fig. 64 is the *360 taper so-called Express. 
Neither of these require any special comment, except that 
they mark the transition between the Express cartridges 
proper and the smaller and much less powerful kinds, some of 
which are known as ^^rook^^ and rabbit rifle cartridges. 
The larger of these, known as *442, *430, *425, and other 
similar sizes, suitable to the calibres expressed by these figures, 
are much used abroad for such game as small antelope, 
bustard, &c., and in the Australian Colonies for kangaroo, 
&c., being employed with rifles light, handy, and fairly 
accurate, and sufficiently powerful for such game as are above 
enumerated. The still smaller sizes, *380, *360 No. 5, and *300 
or *295, are chiefly used at home for rook, rabbit, and seafowl 
shooting. Of these, for some years the *380 calibre was the 
popular one ; and a cartridge of what was then considered 
fair excellence was generally in use. Though considerable 
accuracy could be obtained with this cartridge, still, for 
shooting in an inclosed country it was found to be objection- 
able on the score of its wide range, exception also being taken 
to the mangling of the game in consequence of its com- 
paratively large calibre and the hollow pointed bullet latterly 
used, especially in the *360 No. 5, a cartridge interchangeable 
with the old *380, and in most points a decided improvement 
upon it. 

The most satisfactory rook cartridge yet introduced is no 
doubt the *300 or *295 calibre, shown in Fig. 67. This 
is a solid drawn shell loaded with lOgrs. powder, a wad> 
and a solid cannelured bullet of 80grs., unpapered, as all 
these small rifle bullets are ; the low pressures of the small 
powder charges rendering the use of naked bullets less 
risky than is the case with the full charges of the actual 
Express rifles. 

The illustrations represent the more modem and accu- 
rately shooting cartridges of this particular kind — Pig. 65 
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showing a view of the ’425 calibre, 30grs. powder and 230grs. 
cannelured bullet with felt wad between. This cartridge, 
though, of course, having a high trajectory, shoots with 
considerable accuracy up to quite 300 yards under fairly 
favourable conditions. Fig. 66 is a similar view of the ‘360 

No. 5 cartridge, containing 15grs. powder, a wad, and 
bullet weighing 135grs., and of precisely similar construction 
to those in the previous figures. With this cartridge good 
shooting has been made up to and including 100 yards. In 
1878 the second prize of 5L was taken with a double rifle 
firing this cartridge in the Martin- Smith ” competition at 
Wimbledon N.R.A. Meeting, distance 110 yards, no rest. 

Fig. 67 shows the ‘300 or *295 cartridge, that is rapidly 
superseding the former for reasons I have given above. In 
the competition above mentioned, at the N.R.A. meeting in 
1883, a double rifle firing this cartridge took the second 
prize of 5Z., the distance and conditions remaining the same. 

Fig. 68 shows the cartridge designed for the Morris tube,^^ 
now so much used throughout the army as an auxiliary in 
musketry instruction. A number of rook rifles are being 
manufactured to suit this ammunition, which suits the *230 
calibre, and has a charge of 4grs. fine powder, two wads, 
and 40grs. bullet. 

In the course of some trials of the above tubes firing this 
cartridge, lately made at the R. S. A. Factory, Enfield, I am 
informed that, with the tube inserted in a regulation Martini- 
Henry rifle, good practice was made from the 500 yards range 
(on a calm day), groups of ten shots in nearly two feet square 
not being uncommon. The angle of elevation, of course, was 
high; about equal to the 1150 yards elevation of the service 
cartridge. 

There is still another of these tiny cartridges I must notice, 
a rim-fire one of American manufacture, the Winchester Com- 
pany's *220 calibre, shown in Fig. 69. This is loaded with 

X 



306 THE MODERN 8P0BT8MAN^8 GUN AND RIFLE. 


not more than 4grs. fine powder and a bullet only 30grs. 
with no wad, yet, at ranges from 10 to 40 yards, it is most 
accurate. 

The only remaining solid drawn shell cartridge to be 
noticed is the one generally used in the Mid-range^^ rifles 
constructed to suit the conditions of sport in South Africa, 
or ^^Cape rifles,^^ so-called. As this type of ammunition in 
all essential features resembles the familiar long-range^^ 
M. B. L. cartridges, fully treated in the section of this volume 
upon Match Eifles, I may refer my readers to that portion of 
the work for information upon this particular class of rifle 
ammunition. 

The last division of sporting cartridges to be considered 
is that kind in which the shell or case holding the charge 
is the well-known pasteboard one, so long used in B. L. shot- 
guns. In some varieties, especially for the larger sizes, these 
are strengthened towards the base by a coil of sheet brass, 
and, indeed, for some time the now familiar Perfects,^^ 
constructed entirely of thin metal, have been to some extent 
used for this kind of ammunition. It is not necessary to give 
illustrations of such well-known articles ; and a few words on 
the method of loading will suflSce. For 12-bores the powder 
load varies from 4 to 7 drams, according to weight of rifle 
and kind of game sought; as a rule, spherical bullets are 
used, whose mode of treatment will be found further on. The 
usual practice is to put an ordinary thick felt wad on the 
powder, and then the bullet, either enveloped in a greased 
linen patch, or naked ; in the latter case a little melted lubri- 
cating material is poured upon its upper surface when in the 
shell. Several contrivances in the shape of perforated wads, 
&c., have been devised for seating the ball and so improving 
the shooting obtained, but I have no reason to believe that 
any of them are of great practical value, or much improve on 
the ordinary plan, provided in the latter case care be taken to 
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©eat the ball with the get^^ ujpon the wad. There is no 
material difference in treating the larger bores, excepting, 
of course, the increase in powder load and bullet weight, the 
former sometimes reaching the enormous aniount of as much 
as 14 drams in the 4-bores — necessitating most ponderous 
weapons to enable any human shoulder to bear the recoil. 

Rifle Gunpowder. 

Id considering gunpowder, especially in relation to its use 
in rifles, I must add a little to my remarks on this subject 
in Vol. I., pp. 293, et seq. I may clear the ground by at 
once stating that up to this present date no explosive yet 
devised can equal black gunpowder for rifle purposes. 

That wood or B.C. powder, or similar compounds, may 
be so perfected as to come up to the required standard is 
quite probable, but at present it remains to be done ; this 
is the more extraordinary, as the necessity for avoiding 
deposit in the barrel during firing is of much more vital 
importance in a rifle than in a shot gun, and this feature is 
an admitted excellence in these compounds. In addition to 
which, both Schultze and E.C. powder with similar charges 
produce a higher muzzle velocity and much less recoil. 

For rifle use the powder must be made of the best and 
purest ingredients, the nitre free from other salts, the sulphur 
free from acid, and the charcoal properly prepared from 
suitable wood, and containing the smallest possible propor- 
tion of earthy substances ; otherwise, the great desideratum 
of the rifle shot, a clean ” burning powder, will not be 
produced. 

IMiese components, mixed in proportions ascertained by 
long and careful experiment, are then subjected to the 
most thorough and complete manipulation, as described in 
Vol. I. After the ^^cake^’ is formed, it is broken up or 

granulated,” — a most important feature in the powder- 

X 2 
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manufacturing process, as upon the size and uniformity of 
the grains largely depends the rate of combustion of the 
charge. This regularity of grain is provided for by the 

sifting process, in which the granulated powder is passed 
through sieves of wire, each with a certain number of meshes 
to the linear inch, but is retained upon others as much 
finer in the mesh as may be determined. It is ob\dous that 
the greater disparity there is in the meshing of the two 
sets of sieves the more irregular the powder will be in 
grain. The Government powder for small arms is allowed 
to pass through meshes of 12 to the inch linear, and is 
retained upon those of 20 to the inch ; thus there is a marked 
degree of difference in the grains of this powder, and we 
should be justified in assuming that the rate of combustion 
varies in different charges, as they consist of a higher or 
lower percentage of either the larger or the smaller grains. 
No doubt sifting or gauging to a high standard of 
uniformity adds to the cost of production ; but it is the 
foundation of every excellence in rifle shooting — that is, every 
other good feature in the weapon and its ammunition is 
vitiated by the use of powder irregular in its combustion. 

Another process adds to the durability of the powder, and 
also gives an increased power to resist the effects of damp, 
that is the ^^glazing,^^ in which the grains are polished by 
friction against each other, a quantity of powder being rotated 
for some time in a reel or cylinder. This polish should be 
the legitimate effect of friction, and not unduly accelerated 
or artificially produced by the introduction of black lead or 
plumbago during the process, as the presence of this latter 
substance only tends to increase the solid residue or fouling 
left in the rifle after firing. 

The tests to which powder may be subjected by the rifle- 
man are but few in number, and those are mostly of a tentative 
character. When satisfied by inspection and comparison that 
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the granulation is all right, a good rough-and-ready test for 
density is the space taken up, say, in a cartridge shell by a 
given quantity by weight, when, if the powder be of less 
density than usual, it will occupy more space ; if of greater 
density, less space. The flashing by ignition of twenty grains 
or so on a piece of clean white paper will give an indication 
of the cleanliness or otherwise of its burning, and will also 
show if the powder be affected by damp. But the test of 
all is the firing of a scries of shots at 1000 yards with a 
known good long-range rifle, using bullets that can be relied 
upon — when the qualities of the powder, whether good or 
bad, will soon appear. 

Tor ordinary sporting purposes, as long as the powder 
bums clean, and does not deposit so much fouling as to 
interfere with the accuracy of the arm, an extreme degree of 
excellence in other respects may be dispensed "with ; since a 
difference in muzzle speed which will greatly interfere with 
long-range shooting has no appreciable effect on accuracy of 
diagram at such short ranges as 100 yards. It has long been 
well known that damp exercises a most injurious effect upon 
powder; but it is not as generally known that crushing or 
bruising the powder, as in the act of loading, is almost 
equally injurious. There is little choice between using 
powder moderately damp on the one hand, and crushed and 
pounded into dirt on the other. 

The manufacture of gunpowder being a combined mechanical 
and chemical process, it will be easily understood that it 
cannot be successfully carried on without considerable expe- 
rience and care ; and the high character of the best English 
rifle powder is sufficient evidence of the ability of our 
manufacturers. 

As an illustration of the fine work a first-class powder 
is capable of producing, I give the following statement, made 
to me by the well-known rifle maker and shot, Mr. E. 
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Osborne, of Birmingham : Early in 1880 he was engaged 
in testing the muzzle speed of an M. B. L. rifle with a Le 
Boulenge chronograph ; the cartridges were loaded with 
80grs. Curtis and Harvey^s No. G powder and a 540gr. bullet; 
the firing was continuous, the barrel not being wiped out 
between shots. After a blow-off shot being fired, the fol- 
lowing speeds were obtained in feet per second : — 


1300"! 

1297 

1298 ^ 
1298 
1296^ 


Av. 1297-8, 
obs. vel. 
at 105 ft. 


I 


being only a difference of 4 foot per second 
between the highest and lowt'st speeds 
obtained in the five consecutivo shots. 


I can imagine nothing more satisfactorily conclusive than 
this in showing how well deserved is the high position univer- 
sally conceded to the rifle powder manufactured by this well- 
known firm, whose No. 6, as was stated in the ojieiiing of 
this chapter, is the generally accepted standard of excellence 
in rifle gunpowder. 


Waddings. 


Considering its important bearings on results, there have 
been few subjects so neglected as the matter of wad or gas- 
check in breechloading rifle ammunition. In other mechanical 
arrangements, where air, ga.s, steam, or water is to Ijo ])re- 
vented passing a piston working within a cylinder and subject 
to great pressure, considerable attention has been ])aid to the 
details involved in the success of contrivances for eJfecting 
the desired purpose. But when the piston is an inelastic 
leaden plug, driven up a grooved cylindrical tube by tho 
enormous force of hot pow^der-gas, tho same pr(*cautions do 
not seem to have been thought necessary. In the high-class 
muzzle-loading rifle, now obsolete, this detail forced itself early 
into prominence, mainly on account of the beneficial effects 
found to accrue from the sweep or cleaning-out action in 
the process of loading of a good well-fitting w^ad of diainoter 
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superior to the calibre. As already explained in treating 
upon cartridge shells, it is only the latter development of the 
solid drawn shell that has enabled us to avail ourselves of 
similarly well-fitting wads in the breechloading rifle. 

The work of the wad may be taken as three-fold ; first, to 
seal the joint in rear of the bullet and form a perfect gas- 
check ; secondly, to wipe or sweep out the barrel ; thirdly, to 
impart as much lubrication as possible to the interior of the 
bore, so as to facilitate the passage of the next bullet, and 
reduce the adhesion of the solid residue of the powder-charge 
or fouling that remains after such successive discharge. Some 
kinds of wad perform one or more of these duties better than 
others. A firm, tough felt wad, well saturated with a lubricating 
compound, but not unduly softened, is probably the best all- 
round material for rifle wadding, especially when used with a 
moderate powder-charge and a heavy projectile. With these 
conditions reversed, a wad of softer material works well, and, 
in spite of losing the sweeping action of the harder wad, one 
of a rather soft, greasy compound is found to be fairly efficient 
for short-range work. This kind of wad is easily made by the 
sportsman, and does its work apparently by sealing the joint 
under the pressure of the gas, and by being crushed up during 
its passage along the barrel. In this way it amply lubricates 
its interior, and so prepares it for the reception of the solid 
fouling which, being deposited upon such a surface, is less 
adherent than when plastered upon a dry, hot barrel by 
the blast of the explosion, and consequently is much 
more easily removed by the next bullet that passes up the 
boro, l^his wad is more especially useful with heavy powder- 
charges in small calibres, and is well suited to light and 
fragile shells. 

When felt wads are used, they should be at least ’025 or 
•030 larger than the calibre, and can easily be forced into the 
shell by proper tools and a little pressure, care being taken 
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that the thrust be checked just as the wad arrives upou the 
powder. It is customary to use two felt wads each about ’09 
in thickness, in preference to one thicker, partly because they 
are more easily inserted into the shell. It is also advantageous 
to have a thin jute or card wad barely the internal size of tho 
shell between the wad proper and the base of the bullet ; and 
when the soft wad above mentioned is used, a jute wad should 
also be first placed upon the powder. 

The military authorities having sanctioned the use of a 
thick, hard, beeswax wad in the service Martini-Henry 
cartridge, found themselves compelled to hollow or cup out 
the wad so as to facilitate the crushing up of the same by the 
powder blow, otherwise, more particularly in cold weather, 
the wad was blown out of the rifle a solid unyielding mass 
that had done little or no duty whatever ; this rather tends to 
show that a softer wad of a similar kind would be more 
generally effective under various temperatures, either by itself 
or as an auxiliary to the felt wads. 

These soft wads are very easily made. All that is wanted 
is a plate with a number of holes therein the size of the wad 
required (which should be the full internal diamcjtcr of shell 
and no more). This plate, being the desired thickness of the 
wad, is laid on a flat surface, and the melted fat or compo- 
sition poured all over it ; then, when cool and set firm, the 
superfluous material is scraped from the upper surface of 
the plate, and the wads pushed from the holes, when they 
are ready for use. 

When the sportsman has to cut his own felt wads, care 
should be taken that a keen, sharp tool is used for this 
purpose, as wads cut with a blunt cutter have a bruised 
and unsound edge, and are therefore much less efficient than 
they would be if properly cut. 

As to the matter of the lubricating material to bo used 
either for saturating the felt wads, or constituting tho 
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soft wads, or coating the bullets that are used without 
paper jackets, there can be no doubt that the question of 
climate and temperature must enter into the consideration. 
For instance, the best lubrication for use in the Indian hot 
season would most probably fall off in efficiency if used in a 
Canadian winter ; thus the question is not an easy one to settle 
in a hard and fast manner. I can only indicate the lines upon 
which good results are generally obtained. A mixture of 
beeswax and tallow or vaseline should, for use in a cool climate, 
have the softer element predominant, while for a hot climate 
the reverse should be the case. 

Bullets. 

As the kinds of game sought by the rifle-shot ofl^er great 
variety, including all sizes, from the elephant to the squirrel, 
we must expect to find a corresponding variation in the 
projectiles used in sporting rifle shooting, from the quarter- 
pound leaden sphere of the 4-bore to the tiny missile of the 
•220 rook rifle — exhibiting such differences as to be rather 
embarrassing at first consideration. 

Setting aside explosive shells as both dangerous and un- 
satisfactory — and very properly themselves exploded in the 
opinions of modern rifle users — we can at once divide sporting 
rifle projectiles into two main classes, solid and hollow ; the 
latter name being applied to bullets having a cavity of any kind, 
frequently filled uji by a copper tube or otherwise. We can 
also consider them as either spherical or conical in form, either 
mode of division equally suiting our purpose. 

Spherical projectiles, or bullets proper, are now chiefly used 
in the larger calibres, such as 12, 10, 8, and 4 bores, and are 
invariably cast in moulds by a process well kno>\Ti to every 
sportsman, though it can be easily spoiled in spite of its appa- 
rent simplicity. The lead or alloy should be melted in a large 
ladle (a small one being used for pouring), and kept sufficiently 
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hot to be perfectly fluid, not by any means allowed to either 
become too cool to run freely, or to get red hot and so waste. 
The mould being well warmed and quite dry (or an explosion 
may result on the introduction of the molten metal), it should 
be covered inside with a coating of soot from the smoke of a 
tallow candle or resinous torch. The molten metal should then 
be taken up with a small ladle having a clean well-cut lip 
for pouring it out; and a steady uniform stream should bo 
poured into the mould, not in such quantity as to choke up 
the get,” or in so fine a one as to cool as it goes in ; neither 
on any account should the pouring bo intermittent, as any of 
these defects in manipulation will result in imperfect castings ► 
Should the metal be impure and throw up a quantity 
of slag, a little tallow or resin thrown upon its surface 
will assist in clearing it. If an alloy is used, each time 
the pouring ladle is dipped in for a cast the mixture 
should be stirred, as the alloys used for bullets are mere 
mechanical mixtures, and if left unstirred the lighter and 
harder metal separates itself from the other in great measure ; 
consequently, if not stirred occasionally, some bullets may 
be harder than others, and so affect the accuracy of fire. 

Spherical bullets, cast in a properly constructed mould, 
admit of no improvement after casting, except, of course, the 
removal of the get but conical ones, if not grooved or 
cannelured ” (for the reception of lubricating material), 
may be “ swedged ” or driven into a suitably constructed die 
by blows upon a punch applied to the base of the bullet, 
which is then ejected from the die much improved in 
uniformity of shape, size, and density, being a near approach 
to the machine-made bullet in all essential features. These 
bullets, after the removal of any superfluous fringe of metal 
left by the latter process, are then ready to be |)atched ” or 
provided with their paper jackets. This is usually done by a 
piece of paper of suitable texture, cut to the proper size and 
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shape, being wrapped round a taper peg ; the paper should go 
twice round and bo fixed by a touch of gum — the less the 
better ; when drawn off the peg, the paper tube thus formed 
should, when dry, be drawn upon the bullet, the point of the 
latter entering the wider end of the tube. When this is 
drawn on so as to cover the cylindrical part of the bullet, 
leaving the point exposed, it will fit closely and tightly, if the 
peg upon which it was formed was of the proper size. The 
portion of the paper extending below the base of the bullet 
should be neatly twisted, and the superfluous portion, if any, 
cut off. The bullet is then ready for use, provided that, in 
hollow-fronted Express bullets, the tube has been driven into 
the cavity before patching, which can be conveniently done 
during the swedging process. 

There is a detail connected with the patching process that 
must not be overlooked, that is, the paper must be so 
wrapped that the edges form a left-handed spiral when 
on the bullet, as shown in the figures of loaded cartridges. 
If wrapped the other way, for use in the ordinary ^^right- 
handed spiral grooved rifles, the shooting will be impaired. 

The machine-made bullets are compressed in powerful 
machines, generally from metal formed in coils like wire, 
by hydraulic pressure employed in forcing the semi-fluid 
mass through a die of the required size. The patching 
is done also by a macliiiio process, and without gumming 
the paper jacket. Whenever pnicticable, the sportsman 
will, of course, prefer to use the finished inachino-mado 
bullets, which are no doubt as generally procurable now 
all over the world as powder and lead ; but at the same 
time it is well ho should be able to provide himself. In 
addition, therefore, to the mould for papered ballets, one 
may be useful that will enable canneliired bullets to be cast, 
thus rendering him independent of the patching process, as 
they only, have to bo dipped in melted lubricating material to 
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prepare them for use. It will be found advisable to make 
these cannelured bullets of a little harder alloy than the 
patched ones, in order to reduce the risk of leading the 
barrel and somewhat reducing the extra friction caused by 
the superior diameter of this bullet over that of the papered 
one used in the same shell. The shooting is not materially 
impaired by this bullet being used, provided the mould be 
correctly proportioned to suit the rifle. 

The faults most likely to occur in bullets so as to impair 
their successful use by the sportsman are numerous, but I may 
call attention to the most obvious and important ones, viz., 
(1) Those arising from defective material ; that is to say, 
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bullets either too hard or too soft, the former in extreme cases 
failing to properly take the grooves of the rifle, and consequently 
shooting wildly, and, if Express pattern bullets, not expanding 
properly on striking the game. If too soft, undue distortion 
takes place from the powder blow, and thereupon excessive 
friction, liability to “ lead,^^ and defective flight owing to the 
damaged figure. Alloys, whose degree of hardness equals 
horn jive per cent, of tin with lead for the softest bullets, and 
about ten per cent, as the hardest, are the best mixtures for 
general purposes. (2) Arising from defective shape. A grave 
fault in a conical bullet is that when the base of the same is 
" unsquare, or not at right angles to the axis, it is next to 
impossible to obtain good shooting with bullets possessing 
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this defect in a marked degree. Also, if bullets are incorrect 
in size, and of greatly varying weight, pr with the cavity in 
the foro part much to one side, or badly patched with 
unsuitable paper, no one can expect good results with such 
improperly made articles. 

Among the varieties of sporting projectiles calling more 
particularly for notice, other than the specimens of Express 
bullets illustrated in the drawings of those cartridges, are 
some examples of conical bullets as used in the larger bores ; 
sometimes these are hollow pointed, but more frequently solid. 
I give sketches of both kinds suitable for a 12-bore rifle, the 



larger sizes being designed on very similar lines. Fig. 70 
represents the former, Fig. 71 the latter. 

These bullets are of dubious value, as though they 
exceed the sphere in weight they much increase recoil, and 
really require a quicker pitch of rifling ; thus their speed is 
less than that of tho sphere, other things being equal. The 
solid ball is sometimes made with a steel point which is 
placed in the mould and tho metal poured in, forming a 
compound bullet, liked by some sportsmen under the belief 
that the penetration is largely improved ; but this is question- 
able, tho tendency of the lead being to overtake the 
point on impact. It is therefore most probable that a hard 
solid ball would be more effective. I give a sketch of such a 
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'bullet in section, showing the point in situ. It will be well 
to call attention to the fact that, unless carefully manipu- 
lated, this point is apt to get on one side during the 
casting process ; and, should such bullets be used, there is a 
risk of the side of the point scoring up the interior of the 
barrel, and so seriously injuring it. 

It will be seen that the bullets just described are cannelured 
for use with external lubrication, the conditions existing in 
rifle barrels of large calibre permitting this, as the fouling 
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Lobd Keake’s CbobB'Cut Bullet. 

is much less unmanageable than in the smaller calibres when 
the latter are used with large charges. 

There is a kind of Express bullet, other than the one 
shown in the sketches of cartridges previously given, that 
calls for special notice, as it is growing slowly into popu- 
larity, particularly in the United States; that is the cross- 
cut’^ bullet identified in this country with the name of Lord 
Keane, who, we believe, first generally introduced it here and 
in India. Besides dispensing with the copper tube, this bulk*!. 
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while possessing fully the Express qualification of expanding 
and inflicting a severe wound, lends itself with great facility 
to the use of a solid bullet fired from the same rifle with the 
same sighting. That the use of a solid bullet under some 
circumstances would be highly advantageous is generally 
admitted, either upon other than soft-bodied animals, or 
when, in the latter case, it is desirable to preserve as much 
as possible the skin or carcase from needless injury. Did 
the solid bullet, when so used, require other than the same 
sighting, &c., as the expanding one, the sportsman could not 
readily avail himself of its advantages ; but the cross-cut and 
solid bullets practically interchange. On the opposite page are 
shown illustrations of a *450 Express cross-cut bullet in 
different stages. Fig. 74 showing the bullet just as it leaves 
the mould after casting, the cuts having been formed by the 
winged core-peg, shown in Fig. 80, that replaces the 
ordinary cylindrical ono used when casting Express bullets 
with hollow points merely. Fig 75 shows the bullet after 
swedging,^' with the cuts partially closed up so that no 
premature opening of the same shall occur before striking. 
Fig. 76 gives some idea of the action of the bullet within the 
body of the animal. Figs. 77, 78, and 79 are merely views in 
plan of the figures above them. When machine made, the 
cuts are generally sawn in the bullet prior to the final 
swedging process. 

The smaller solid bullets shown in the illustrations of '425 
cal. and other similar cartridges call for no special remark, 
their structure being fully shown in the drawings ; and it is 
only necessary to mention, without description here, the 
solid elongated bullet for mid-range or Cape rifles, as such 
projectiles will be found fully treated in the second part of 
this volume, that on Match Rifles.^^ There is, however, 
a recently-introduced improvement in rifle bullets that may 
.prove of value for sporting purposes, namely, one, the novel 
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feature of which shows an effort on the part of the designers 
to reduce the friction and consequent waste of power involved 
in passing bullets of the usual construction through the barrel 
in the act of firing. This is proposed to bo done by reducing 
the bearing surface of the cylindrical portion of the bullet by 
“fluting” it with a number of longitudinal grooves, thus 
leaving the ribbed surface only to come into contact with tho 
internal surfoce of the barrel. This bullet can either be used 
with or without a paper jacket. Below are sketches of a 
•500 cal. cross-cut bullet of this kind, Fig. 81 being a side 



Fia. 81. Fia. 82. Fig. 83. 


elevation. Fig. 82 a vertical section, and Fig. 83 a cross sec- 
tion of the ball. As far as the experimental trials have 
hitherto gone there is reason to beKeve that the desired end 
will be obtained, at least to some extent. 

This bullet is manufactured by the Birmingham Small Arms 
and Metal Company, Limited. 

Having now reviewed in the manner and order I proposed 
the various current kinds of sporting rifle ammunition, I 
cannot do better than place before my readers, in a tabular 
form, the matter we have had under our notice during this 
chapter — that is, a list of the various kinds now in use, of 
cartridges wholly adapted for the destruction of game, 
with their charges of powder and weights of bullet when 
possible. 
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Table op Sporting Rifle Cartridges with Eley-Boxer Taper 
Coiled Shells— Currently in Use, and belonging to the 
Express Class. 


Calibre. 

Weight of 
Powder. 

Weiprht of 
Bullet. 

Remarks. 

•577 

Grains. 

140 

Grains. 

480 

Bullet generally cannelured. 

•500 

120 

350 

„ paper covered. 

•450 

110 

275 

99 99 

•400 

85 

210 

„ „ little used. 

,, generally cannelured, little used . 

•360 

40 

150 


Sporting Rifle Cartridges with Solid-drawn Metal Shells, 

ALSO BELONGING TO THE EXPRESS CLASS. 


Calibre. 

Weight of 
Powder. 

Weight of 
Bullet. 

1 

! Remarks. 


Grains. 

Grains. 


■577 

160 

480 to 600 

Taper shell, patched bullet generally. 

•500 

130 

350 to 435 


•500 

130 

350 to 435 

Bottled shell „ 

•500 

160 

350 to 435 

1 »> >» 




> Magnum. 

•^450 

150 

275 to 325 

3 Bottled shell „ 

•450 

115 to 125 

275 to 325 

Taper shell „ 

•450 

110 to 115 

275 to 325 

Bottled shell „ 

•400 

77 to 82 

210 to 250 

99 99 

•360 

40 to 45 

150 

Taper shell, cannelured bullet. 


Sporting Rifle Cartridges for Large Bores with 
Pasteboard Shells. 


Calibre. 

Weight of 
Powder. 

Weight of 
Bullet. 

Remarks. 

12 

10 

Drams. 

4 to 7 

6 to 8 

Drams. 

Various 

1 Generally solid spherical bullets, but 

8 

7 to 10 


r sometimes coniciil ones of varying 

4 

9 to 14 

» 

ft 

1 weight and style. 


Y 
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Sporting Rifle Cartridges with Solid Drawn Metal Shells 

BELONGING TO THE SMALL GaME AND ROOK RiPLE CLASS. 


Calibre. 

Weight of 
Powder. 

Weight of 
Bullet. 

Remarks. 


Grains. 

Grains. 

Bottlod shell, solid bullet, paper covered. 
Taper shell, caunelured solid bullet. 

•458 

55 

380 

•425 

30 

230 

•360(^0.5) i 

15 

130 

>> »» 

•300 or *295 ‘ 

10 

80 

»♦ »t 

•230 

(“ Morris ”) 

4 

40 

Bottled shell. 

•220 ! 
(Winchester) i 

4 

30 

Rim fire, copper shell. 


The Manufacture op Solid-drawn Cartridge Shells. 

I will now give some account o£ the leading processes 
employed in elaborating solid-drawn cartridge shells from the 
plain disk of metal cut from the sheet or strip that has been 
reduced from the ingot of cast metal by the process of rolling 
it down to the required gauge or thickness. On the opposite 
page is shown with suflScient accuracy the principal varying 
steps in the development of the shell from its earliest stage ; 
some little exaggeration in the thickness of the walls of each 
section shown has been found necessary to enable the un- 
practised eye to readily appreciate the gradual approach to 
the finished article, which in this case is a *577 so-called 
Express taper shell. When the bottle neck is produced, 
it is a subsequent operation to any shown in the illustration, 
and is only a modification of the tapering process. Fig. 84 
shows the circular blank ” or metal disk, also an edge view 
of the same ; Fig. 85 the result of the first cupping 
process ; Fig. 86 a still farther advance toward the tube — it 
will be noted that while the sides are gradually reduced in 
thickness and increased in length, the base or bottom of each 
cup remains the original thickness of the disk in Fig. 84. 
Figs. 87, 88, and 89 only show successive stages or draws 
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approaching each one more nearly to the desired end. In 
Fig. 90 we have the tube drawn to its full length, or rather 
more, to admit of any unsound edges being trimmed off ; and 
further, the ^^cap chamber is approximately formed, and 
the adjacent metal so disposed as to admit of the ‘^head^^ 
and rim of the shell being formed as in Fig. 91, the cap 
chamber and its raised anvil also receiving the finishing 
touches. There is now nothing left to be done but the 
piercing of the flash-holes and cutting down to length and 
tapering,^^ which latter process has been applied to the 
finished shell shown in Fig. 92, and is carried out simply by 
forcing a suitably-formed die upon the shell when a parallel 
tube, as in Fig. 91, when it assumes the form of the die, keep- 
ing the same permanently on the withdrawal of the latter. It 
would be out of place in this volume to give the details 
involved in carrying out the above very ingenious processes, 
requiring as they do the use of most powerful and com- 
plicated machinery of a costly description; though, did my 
space permit, it would be found a most interesting subject. 
During the drawing and heading^’ processes it is 
necessary from time to time to anneal the shells, as the 
severe crushing action to which they are subjected in 
passing through the machines renders the metal hard and 
brittle, and therefore liable to fracture. As a purely 
machine-made article, the solid drawn metal cartridge-shell 
would not now be obtainable by the sportsman in its present 
perfect state and numerous varieties if the manufacturers of 
these articles had not been stimulated by large contracts from 
foreign Governments to improve both their machinery and 
the details of the manufacture until the present stage has 
been reached ; and, considering the costly plant employed, 
the minute accuracy of gauge maintained in the articles pro- 
duced, the working capacity of the same, and the intrinsic 
value of the material employed, one can scarcely imagine a 
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cheaper manufactured article than a solid drawn metal 
cartridge-^hell. 

The Chamber^’ or Cartridge Recess. 

It is well known that in all modern breechloaders a recess 
is cut in the breech end of the barrel for the reception of the 
cartridges ; this is required to be of such suitable form and 
size in rifles as will, while admitting of some slight variation 
in the ammunition, so nearly approach an absolute fit^^ with 
the same as to obviate all chance of gas escape, or any dis- 
figurement of the shell, and also to avoid perhaps the worst 
fault of all — the want of agreement between the respective 
axes of the cartridge and the barrel. 

The production of this desired result is attained by the 
employment of suitably-formed tools or bits so applied as 
to remove the surplus metal, great care being taken through- 
out the entire process; indeed, there are few things more 
characteristic of the modes employed by a rifle-maker than his 
methods of proportioning the chambers of his rifles to suit 
their cartridges. As the entire process is, though of great 
importance, but a mere workshop detail, it is unnecessary to 
further remark upon it. 



CHAPTER IX. 

THE SPORTING RIFLE-ITS ADJUSTMENT, &C. 


We have now arrived at that stage in the development of 
our weapon when the next question to be considered is 
the sighting/^ or the arrangements by which we may so 
direct our fire as to insure striking the object aimed at. The 
first step involves the selection of suitable ^^sights,^^ as the 
aiming details are called^ together with their proper adjust- 
ment to the arm and its capabilities ; and^ in double rifies^ the 
farther adjustment of each barrel of the pair to their common 
line of sight or aim — a process known as regulating.^ ^ After 
explaining, in connection with these processes, the errors inci- 
dental to the defective use of the weapon while being tested 
at the target, and likely to reappear with its use in the field, I 
shall give some practical information upon methods by which 
the sportsman can test his rifie and ammunition and their 
values in the matters of accuracy and trajectory. For reasons 
before stated, I shall continue to consider rifles of the 
Express type in preference to others used for sporting pur- 
poses ; and if, during my remarks, I shall appear to dwell 
more upon experiences derived from firing rifles at a target 
than in actually using them upon game, it must be remem- 
bered that it is the former style of using the rifle which must 
be resorted to for all accurate information on the points in 
question; and, unless confidence in the weapon and its powers 
be obtained by practice at the target, it will probably take 
a more or less long and vexatious experience in the field 
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before that control is established over the weapon which is so 
necessary to its thoroughly satisfactory use. 

Sights. 

The sights used on sporting rifles are of various patterns, 
according to the fancies of the. maker or the requirements of 
the user. They can, however, be divided into two classes : 

open ” sights and aperture or " peep sights — the former 
being by far the most generally used kind ; indeed, the latter 
appear to be of very limited use in actual sport, though valu- 
able in target practice, as will be explained in our section on 
Match Rifles. Although there is no question of the value of 
aperture sights in localising the aim to an extraordinary 
degree of accuracy, still, the loss of light involved by their 
use, and the time taken in manipulating them either in adjust- 
ment or aim-taking, must confine their use to very special 
cases when in the field. 

The sights of rifles are always two in number, the back- 
sight’^ or one nearest the firer’s eye, and the ^^front-sight” or 
fore-sight, near the muzzle end of the weapon — their use being, 
as is well known, to assist the firer in the alignment” of his 
weapon upon a third more distant object. The back-sight is 
usually so constructed as to offer to the eye a metal bar, or 

standard,” set at right angles to the line of aim, with a 
notch or V cut in its upper edge, of varying depth or width 
according to desire. The favourite form of front-sight in sport- 
ing rifles is some modification of what is called the ^^bead,” 
and is inserted or attached as near as convenient to the 
muzzle end of the upper surface of the barrel, or rib of the 
latter when double ; this bead is so made as to offer to the 
eye when aiming a minute circular disc set upon a very thin 
stem. The usual diameter of the former is about *04 or *05 of 
an inch — this size not being too large to prevent accurate aim 
being taken at a fairly small object, or so small as to fatigue 
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the eye, or to require an extremely attenuated stem, which 
would be obviously objectionable, although the body of the 
entire sight is continued lengthwise for the purpose of obtain- 
ing as much strength as possible. 

When a bead of this size is aligned upon a target 100 yards 
distant, it will be found about equal to a bullseye thereon 
of 4in. in diameter. The position of the back-sight upon a 
sporting rifle, in relation to that of the front-sight and the eye 
of the firer, has caused a considerable variety of opinion 
among rifle-makers. Those of the older school kept the two 
sights as far apart as could be conveniently managed, with 
the idea of securing the greatest possible accuracy of align- 
ment upon the object aimed at. So far so good; but the 
optical disadvantages attending the use of a sight too near 
the eye — resulting from the great change of focus required 
in the endeavour to see with equal clearness both the near 
and distant object — has induced rifle-makers of late to remove 
the back-sight nearer to the front-sight, thereby very much 
improving the clearness of aim and but very slightly de- 
teriorating the accuracy of alignment; thus, we find on 
modern sporting rifles the back-sight situated about half way 
between the eye and the front-sight. 

The back-sight should be rather broad, so as to give the 
wide upper edge, so useful in assisting the firer to hold his 
rifle square, that is, with both axes of the barrels in the 
same transverse horizontal plane — rather an important matter 
with a double rifle. As to the ^ rather narrow one of 
moderate depth is preferable in some respects for target 
practice, whereas a more open one is generally preferred 
for use in the field ; and the latter no doubt enables a 
quicker aim to be taken from its affording a more extensive 
view all round the object aimed at. A V that includes an 
angle of 120°, or thereabout, seems to be the most generally 
useful. Some sportsmen say that they prefer the flat bar with- 
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out any but with the centre indicated by a bright metal 
line only. It is probable in such a case, more especially with 
hurried shots, that the bead is not always coincident with 
the metal line, thus leading to an erroneous aim being taken. 
This metal line is very generally used in combination with 
the Vj being carried up the face of the sight and terminating 
at the bottom of the notch. When the sun is bright, and in the 
rear of the firer, this line does not always facilitate the aim, 
but it is mainly valuable in shadowed situations. The face of 
the foresight bead is also covered with the same white metal, 
and for a similar purpose, showing upon the dark body of an 
animal in a remarkably clear manner; but when used in 



Fig. 97 . Fig. 98 . 

bright sunlight it is open to the objection previously urged. 
Front-sights entirely made of ivory or faced therewith are 
also used, and have this advantage over the metal, that, 
though white, there is no glitter shown by them. And, in 
some cases, triangular pieces of the same material are let 
in the face of the back-sight, the apex of the triangle coin- 
ciding with the bottom of V centre of bar, if without a 
notch. Of course, if any of these sights have to be used at 
an ordinary white target, they have to be blacked or dulled 
previously. 

Above are sketches of sights enlarged to rather more 
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than their proper sizes^ to 96 being a side and front 

view of a set of Express rifle sights of ordinary pattern, and 
Figs. 97 and 98 a front view of ivory mounted back and front- 
sights for a similar rifle. 

When these sights are attached to the barrels of the rifle, 
the back-sight is set as much higher than the front-sight, as 
compared with the axis of the barrels, as to compensate for 
the drop of bullet at a determinate distance — say 100 yards 
range — giving what is called the “ angle of elevation;” so that 



Pio. 99. 


at all intermediate points the path of the bullet is above the 
line of aim — most markedly so at about half way, or at the 
50 yards distance. At a distance superior to the one the 
sights are adjusted to (say 150 yards), the bullet strikes pro- 
portionately lower than the line of aim ; but I shall be able to 
show that, with such an Express combination of rifle and 
ammunition as most fully illustrates the system, this up and 
down variation will not much exceed four inches, which is as 
near as most men can hold when firing without artificial 
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assistance in the shape of rests^ &c. In a case where the arm 
is required to be used at a still longer range, a ^'leaf^^ or 
extra upright (of such height as to give the desired increase 
in angle of elevation) is fitted to the back-sight upon a hinge 
joint, so as to fold down out of the way (see Fig. 94). 

Most rifles of other than Express capabilities have sights 
fitted with a series of these leaves, progressively increasing in 
height to suit the lengthening of the ranges ; and sometimes 
what is called a tangent leaf of some length is combined 
with these sights, having a slotted aperture through which aim 
is taken over a slide capable of adjustment to the desired 
elevation, in a precisely similar manner to that of the long 
range military pattern sight explained in the chapters on 
Match Rifles (see annexed Fig. 99). 

I may here refer to a type of the peep sight tolerably 
popular in the United States, and of late rather freely intro- 
duced into this country. I allude to the so-called Lyman ** 
aperture back-sight and the Beach combination front- 
sight, generally used together. This aperture back-sight has 
an eyepiece of small size, acting in but the slightest manner as 
a screen that should exclude all the extraneous light from the 
firer^s eye when aiming, other than that passing through the 
central hole or ^^peep;” thus its construction in this respect 
is the very opposite to the aperture sights hitherto used in 
this country, which latter have always had the peep-hole sur- 
rounded by an ample screen, thus keeping the eye undisturbed 
during the process of aiming. In the Lyman sight variations 
in elevation are obtained by raising or lowering the graduated 
pillar carrying the eyepiece by means of a screwed nut that 
can be moved by the finger and thumb in the desired direc- 
tion ; the whole is mounted upon the hand of the rifle as 
a rule, and can be folded down out of the way by means of an 
ordinary hinge joint controlled by a spring in the usual 
manner. The Beach front-sight presents two aspects, one 



332 TEE MODERN SPORTSMAN'S GUN AND RIFLE, 


a small bead centrally mounted in a nearly circular hoop or 
shade — useful both for protecting the slenderly-proportioned 
bead and its stalk, and for assisting the aim by affording an 
easy object as an aid to the centering of the bead in the 
eye-piece of the aperture back-sight. This entire arrangement 
is so mounted on a small joint that it can be folded down upon 
the barrel, exposing then a small projection that can be used 
as the ordinary bead for aiming with the open back-sight ; 
though, should such a back-sight be used upon a rifle in com- 
bination with the ^^Lyman,^^ it should not have a fixed 
standard elevation, but folding leaves, so that these may 
be shut down, and leave an unobstructed view when the 
aperture sight is used. These sights have no lateral adjust- 
ment, consequently they can only be accurately set for 


Fio. 101. 

Beach Feont-bight. 

short distances, any allowances required for wind influence 
upon the bullet being given by the usual mode of ^‘aiming 
off the estimated amount required. 

Figs. 100 and 101 show the Beach front-sight ; first, the 
sight as arranged for use with the aperture back-sight ; and 
also shut down with the stud ready for use with the ordinary 
back-sight. 

Pigs. 104 and 105 give a view of the Lyman sight, also a 
section of the same, showing the mode of raising and lowering 
the pillar, and the attachment of the auxiliary eye-piece with 
a smaller sized aperture than that of the normal one in the 
head of the pillar, and suitable for use only in very fine lights. 

It will be easily seen that the application of these sights to 
the purposes of actual sport is exceedingly limited. I need 




Fig. 100. 
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only allude to some patterns of sights that have been pro- 
duced from time to time with the intention of blending to- 
gether as much as possible the good points of both peep and 
open sights ; these have generally resulted in failure from a 
sporting point of view, for, though probably giving some 
slight advantage at the target, 
they needlessly hamper in the 
field that clear rapidity of 
aim so practically valuable 
on most occasions. 

There is a kind of open 
bead front-sight much used 
upon a certain class of sport- 
ing rifles, that is, one in which 


Fia. 102. Fig. 103. 

Front-sight with Side Wings. 

the bead (generally slighter 
than usual) is protected by 
side wings or flanges as shown 
in the figure. 

This is a compromise be- 
tween the bead alone and 
the same inclosed in the cir- 
cular shade, and to some 
extent is a better arrange- Fig. 105. Lyman Back-sight. 

ment than either, as the bead is not so exposed to hard 
usage as in the former case, while the aim is less likely to 
be embarrassed than in the latter, though instances have 
occurred where, in taking a hurried shot, one of the side 
wings has been used for the bead itself. 

A sight never much used in this country but rather more 
popular in the United States, where it is used upon rifles for 
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short range match firing, is the telescope ” sights consisting 



of a telescope of mode- 
rate power and aperture^ 
mounted upon, or at the 
side of the rifle. When 
required for use at the 
longer ranges, the latter 
method of mounting offers 
the greatest facilities for 
the introduction of those 
mechanical details neces- 
sary to the adjustments for 
H elevation and wind allow- 
g ance; but, for the shorter 
g sporting ranges, the tele- 
I scope answers sufficiently 
g if attached to the rifle upon 
00 the upper surface of the 
« barrel, when no provision 
« is made for altering the 
g angle of the instrument, 
^ except that it is fitted with 
£ three fine lines in the field 
of view, one vertical and 
the other two horizontal, 
some little distance apart. 
Thus for the short range 
of, say, 100 yards, the spot 
aimed at is intersected by 
the crossing of the upper 
horizontal line with the 
vertical one, while at the 
200 yards range the lower 
horizontal line is used in 
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the same manner — ^the space between these two lines being 
equal to the amount of elevation required by the rifle 
from the one distance to the other. These sights were 
in use by American rifle-makers at a very early period, and 
were introduced into this country by Lieut.-Col. Davidson, 
about 1834. Fig. 106 shows a sporting rifle by Messrs. 
D. and J. Fraser, of Edinburgh, fitted with such a sight in its 
most modern form — the rifle having only been made during 
the late season of 1883, and having their new patent breech 
action, to be found fully described and illustrated in the 
Match Rifle section of this volume. 

That the use of telescopic sights very much improve the 
clearness of definition, and consequently the accuracy of 
aim, is obviously unquestionable ; but their extra cost and 
delicacy will doubtless prevent their use from ever becoming 
general among sportsmen. 

Some ingenious devices have been invented for the pur- 
pose of facilitating the almost instantaneous changes of eleva- 



Fig. 107 . Biqby’s Sight. 


tion sometimes required in the field, but the majority of them 
are of but dubious value. One of the best is that designed 
by Mr. John Rigby, and shown in Fig. 107. 

The sight is shown as upon a double rifle, and is in fact a 
steel spring, one end being fastened to the rib by a screw 
and the other set at right angles to the long elastic portion, 
and shaped to resemble an ordinary back-sight. On each side 
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of the rib slide notched inclined surfaces whose motion is con- 
trolled by a thumb-piece ; these inclines engage beneath the 
standard of the sight, and, by drawing them towards the firer, 
the sight is raised — an operation that can be performed while 
the rifle is at the shoulder; thus elevation can be instan- 
taneously obtained for an increased range. 

Adjusting the Rifle. 

In proceeding to regulate and adjust our rifle (preferably for 
illustration a Double Express one) by shooting the same at a 
target, it is of course imperative that every technical detail 
involved in the process of firing the weapon should be fully 
attended to, as it is quite possible that the existence of an 
apparently trifling mechanical imperfection may seriously 
invalidate the results of our labour in this most important 
stage of our inquiry. To enumerate all, or even the chief, 
points to be attended to in this respect would be wearisome to 
the reader, consisting as they do of those mere technicalities 
so often assumed to be all right, and really ^nly known in all 
their intrinsic importance to the experienced rifle- maker. 

Having the rifle sighted and in a fit state for shooting, and 
the ammunition properly loaded, the next point to be con- 
sidered is that of the support for the firer and his rifle — the 
^^rest” used when regulating rifles fired from the shoulder. 
This need be but a simple affair — all that is absolutely neces- 
sary being a firm support for the elbows, against which he may 
lean the upper part of his body; and also a support of a sound 
inelastic kind for the barrels of the rifle — usually a sandbag 
or similar article. I may here be permitted to allude to the 
machine rest^^ for firing rifles therefrom during the regulat- 
ing process, almost identical in structure with the ^^rest” for 
shot guns shown facing page 46, Vol. I. That this rest would 
be an important auxiliary to the rifle-maker there is no doubt 
whatever, but, in its present stage of development, it is not 



REGULATION OF DOUBLE BARBELS. 


337 


quite capable of successfully coping witb the great variety at 
present existing in sporting rifles and their ammunition — the 
varying details of which require differing and particular mani- 
pulation of the rest for nearly each individual variety ; still, 
I have every belief that in time, when the matter has received 
more attention than it has yet been able to obtain, the machine 
rest will become at least an important auxiliary assistance to 
shoulder firing in the process of regulating double rifles. 

In the earlier stages of the shooting of our rifle, it is 
better, for many reasons, to use an iron plate as a target. 
This should be of substantial thickness, and of such a size 
as to render missing it difficult even with our weapon in 
its crudest stage. Before commencing to shoot, we must 
premise that the operator bo so sufficiently acquainted with 
the art of rifle shooting as to be fairly able to accurately repeat 
his aim — that is, not from carelessness or want of practice to 
vary the amount of foresight seen and used in aiming, neither 
to fail in centering the same properly in the V> upon the 
line of the back-sight. He must also be capable of letting 
off or discharging the rifle by a steady even pressure of the 
finger upon the trigger, without subjecting this latter to the 
influence of jerk or tremor. These apparently simple qualifi- 
cations are not possessed in perfection as generally as sup- 
posed by many who believe themselves to be fairly steady 
shots; and, indeed, they can only fully belong to anyone 
while in perfect health — though a degree of robustness rather 
militates against the finest rifle shooting form. The beneficial 
effects of practice in accustoming the muscles of the firer to a 
rigid mental control is, as is well known, of the greatest value 
in rifle shooting. 

In holding the rifle in position for firing, great care should 
be taken to keep it '^square;'' if this be not attended to, 
great trouble and expenditure of ammunition may be incurred 
before satisfactory results are arrived at. 

z 
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The first series of shots may be fired from each barrel alter- 
nately without regard to the position of the respective groups 
to each other. This should test the shooting value of each 
barrel, and also that of the ammunition ; and, should it 
terminate satisfactorily, the group obtained from each barrel 
will have the least amount of deviation ever likely to be 
obtained from either barrel during any subsequent shooting 
that may take place, because each tube is now individually in 
its most perfect state, though the two groups may be some 
distance apart. 

Should the shooting at this stage not bo considered good 
enough, the requisite correction should be made either in the 
workmanship of the barrel or the details of the ammunition, 
as observation and experience may determine. Except in 
rather rare cases, however well each barrel may shoot, there 
is always some want of agreement between the centres of the 
two groups obtained and the common point of aim. Hiis error 
may be simple, as when the centres of impact are upon the 
same horizontal line, but inches or feet apart ; or compound, 
as when, in addition, the groups differ vertically. In the 
former case the barrels are said to either cross when the 
right-hand barrel throws its shot to the left, or vice-versa, or 
they may shoot wide — that is, each barrel throwing its 
shot to its own side of the point aimed at, but more or 
less away from it. These faults are caused by the barrels 
not inclining toward their common centre, as required by the 
ammunition with which they fired, as explained in the chapter 
on Construction, page 242. The makens of double rifles some 
years ago were sadly puzzled with this difficulty, though, as 
much smaller charges were then fashionable in comparison 
with those now used, the matter was really much more simple 
as to its conditions than it now is. 

It will be easily seen that, when a shot is fired from, say, 
the ivight-hand barrel, the blow of the recoil is sustained by 
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the same side of the common axis of the piece. Thus the 
weapon receives an amount of motion, not only in the direc- 
tion of the backward thrust, but also an outward swing, as it 
were, to the right, the centre of which would be the point 
of contact between the butt of the weapon and the firer’s 
shoulder, were either the latter immoveable or the arm itself 
a rigid mass; but as, from its form and compound struc- 
ture of wood and iron, it possesses a certain amount of 
elasticity, and, on the other hand, the shoulder gives way 
materially, a very complex motion is the result — the most 
important feature in relation to the point under consideration 
being, that the muzzle of the particular barrel of the pair 
moves in an outward direction a certain amount at or about 
the instant the bullet is passing therefrom during firing. 
There is some reason to believe that the centre of this motion 
is situated about the grip or hand of the stock, and that 
the time question prevents any movement of the shoulder 
ultimately due to recoil from influencing the bullet in the 
manner described. Fortunately, from the same cause, the 
bullet has left the barrel before any great amount of this 
motion has occurred to the muzzle, or we should have to 
proportionately increase the angle of inclination of the barrels 
to each other. As it is, barrels required to shoot together upon 
one spot 100 yards distant, frequently have to be so jointed 
that their respective axes intersect at ten or fifteen yards from 
the muzzles — an arrangement that would result in their fire 
crossing upwards of two feet or so at the longer distance, were 
it not for the operation of the recoil in the manner described. 
It can thus bfe easily understood that if any modification of 
the charges used with such a rifle take place in the direction 
of materially lessening the recoil, the barrels will thereupon 
shoot so as to cross their fire. On the other hand, if the charge 
be so altered as to increase the recoil, the contrary effect will 
be produced. Also, if any structural alteration be made in 
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the arm affecting its rigidity as when regulated, we must in 
consequence expect some change, more or less marked, to be 
observed in its shooting. 

Our object now is to bring together the group of shots from 
each barrel into one ; and, to effect this purpose, each tube 
must be submitted to an amount of flexure sufficiently altering 
the line of fire to bring about the desired result. This treat- 
ment is rendered necessary by the fact of the barrels at their 
breech end being firmly attached together — indeed, rendered 
practically one ; therefore it is only by manipulating the 
forward portion of them that we can in any way modify their 
original errors of construction. 

It will appear to many that the accuracy of each respective 
barrel must suffer from this treatment; and no doubt, if 
carried to excess or carelessly performed, the permanent 
deterioration of the barrel so treated is a certain result. But 
if in the first instance the barrels have been properly jointed 
togetherin accordance with formulae derived from previous expe- 
riments correctly carried out, the amount of alteration required 
is so small as to not seriously, or even appreciably, affect the 
shooting of the barrel as far as accuracy is concerned. We 
are in this respect rather fortunate in the fact that the short 
projectiles commonly used in sporting rifles travel almost as 
well along a tube having a curvature of extremely large 
radius, as along one perfectly straight ; but if the operation 
of regulating be so performed that a curve of small radius 
be established, or what is called a short crook,^^ then the 
arrangement becomes defective. Although for the time the 
shots are thrown near the desired spot, the tendency to 
radial dispersion in a group obtained from such a barrel 
is always greater than in one fired from a barrel perfectly 
straight — other things of course being equal. This is not 
the only objection existing against barrels so improperly 
treated. When we consider the unequal wear and tear upon 
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'Certain portions of the bore of such barrels, we need not 
be surprised to find that, after some year or so of hard use, 
they no longer shoot together as when first adjusted, but 
require regulating anew. 

The manner of effecting the adjustment of double rifle 
bari'els is briefly as follows : The errors in jointing having 
been made manifest upon the target, the barrels are dis- 
mounted and suitably arranged for alteration ; they are then 
heated for some distance along from the muzzle end gradually 
and sufiiciently to melt the tin used as a solder for attaching 
the two tubes and the upper and lower ribs together. While 
in this state, it is possible to alter the relative positions of 
the tubes to each other at the will of the operator. The 
requisite alteration having been made, the barrels are allowed 
to cool, and are again fired, when, if not found satisfactory, 
the process is repeated. 

There are various modes of effecting the requisite degree 
of adjustment, but they all resolve themselves into a system 
of patient trial and error,^^ continued and repeated until the 
desired end be obtained; though, for obvious reasons, the 
fewer stages there are in this process the better for the 
ultimate perfection of the weapon. In conducting this opera- 
tion conclusive proof is afforded that the entire structure of 
the weapon has a considerable influence over the shooting 
obtained therefrom, though it is generally the opinion that 
the barrels alone influence the accuracy of fire. Of course 
this is the case to a very great extent, yet it is not an uncom- 
mon thing for some considerable time and anxiety of mind to 
be spent on the alteration, adjustment, and re-adjustment of 
a pair of rifle barrels, when the real source of trouble lies in 
a defectively fitting breech action, or an improperly attached 
stock. 

When at length the mutual adjustment of both barrels 
«of the pair is such that, from a series of shots fired alter- 
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nately from each one, with the same aim, a group is ob- 
tained in which no bias of either barrel can be detected in 
any direction whatever, then the regulating process may be 
considered complete; providing the space occupied by this 
group be not unduly enlarged in size when compared with 
the space covered by either one of the approved groups, 
obtained from either barrel before the regulating process 
began. If the contrary be the case, it shows that the rifle 
has suffered more than necessary from the process, though 
the relative degree of excellence in grouping its shots 
shown by any rifle depends somewhat upon the skill of the 
firer. 

The back-sight, hitherto kept a little higher than it should 
finally be, may now be lowered to its proper height, so that 
the elevation of the rifle at this standard range shall be 
true ; this is the case when a horizontal line, drawn across the 
point aimed at, cuts the centre or point of mean impact of the 
group of shots fired at this range. When the sights are truly 
aligned upon the target at the aiming spot or bullseye, the 
lower edge of this latter is the point of aim ; and, if the weapon 
is accurately sighted, the shots should group around that spot. 
If this be not so, and the centre of the group be materially 
above this point, the result is that, at any shorter distance the 
rifle may be fired at, the shots will strike so high above the 
mark as to seriously impair the efficiency of the weapon; 
indeed, most sportsmen consider this defect a most objection- 
able one, though, for the purpose of partially compensating 
for the bullet drop at longer ranges, rifles are frequently so 
sighted as to shoot in this manner. 

When the bullseye is used for scoring purposes as well as 
an aiming spot, the sights of course require to be so adjusted 
as to allow the bullet to strike its centre — thus giving the 
best chance for the entire group striking within its cir- 
cumference. 
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Aiming. 

Some varieties of opinion exist as to the proper mode of 
aiming with sporting sights — some inclining towards what is 
called a ^^fine sight/^ and others favouring the ^^full sight 
system of aim. The annexed sketches illustrate the two 
methods perhaps as well as the difficult nature of the subject 
permits it to be shown by a woodcut. 

It will be seen that, though the fine sight in a good 
light and under favourable conditions is a most accurate 
method of aiming, especially at small objects, and when a 
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Fig. 108. Fig. 109. 

leisurely aim can be taken, still there is much to be said in 
favour of the " full sight,” as it does not try the eye so much 
as the fine sight, while it affords a better view around the 
object aimed at, and is more suitable for dull lights and 
hurried shots. In target practice it is considered an improper 
way to so aim with sporting sights as to cover the bullseye 
with the bead of the front-sight (only with a certain kind of 
aperture front-sight), for the obvious reason that it is next to 
impossible to tell whether the bulls-eye be only just covered 
by the sight, or whether the latter overlaps it, and to what 
extent. But in actual sport the front-sight is very frequently 
placed, in aiming, upon the exact spot of the body of the 
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animal that it is intended the bullet shall strike ; and under 
usual circumstances this mode of aiming may be successfully 
practised, as the remainder of the figure of the animal acts as 
a check or set-off, as it were, to the point aimed at. As to 
the difference in elevation caused, by taking a ^^full” sight, 
as compared with that obtained by using a fino ” sight, it of 
course largely depends — first, upon the relative size of the 
front-sight bead ; and, secondly, how much of this bead be 
taken in when what the firer calls a fine sight be used. This 
latter varies considerably with different individuals ; and the 
better plan is for each sportsman to ascertain this matter 
for himself, by a few shots with each kind of sight at a 
target. 

A common source of error in firing rifles carrying heavy 
powder charges is that arising from the difiSculty experienced 
in obtaining a clear aim after firing a few shots in moderately 
rapid succession. This is caused from the heat produced by 
the combustion of the powder being imparted to the barrels, 
and being thus transmitted to the surrounding air; this 
heated air produces a kind of mirage,’^ which, if allowed to 
arrive at a moderate degree of intensity by continuous firing, 
becomes very annoying, causing as it does the object aimed at 
to flicker and waver about in the most embarrassing manner. 
This trouble can be avoided by firing slowly, thus not allowing 
the barrels to become more than just perceptibly warm 
without getting them actually hot. It would also be possible 
to remedy this inconvenience by so raising the sights above the 
barrels as to avoid the stratum of heated air in contact with 
the latter ; but, in addition to the structural objections there 
are to the adoption of this plan, there is also to be considered 
the fact that the higher the sights (and therefore the line of 
aim) be above the axes of the barrels, the more disastrous 
becomes the effect of slightly " canting the rifle, or per- 
mitting any deviation in holding it other than truly square.” 
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Fortunately in sport a rapid series of shots is rarely or never 
required to be fired with a minute accuracy of aim. 

Fouling. 

The question of fouling/^ if not duly attended to, is a 
fertile source of inaccuracy of fire, especially with sporting 
rifies, on account of their usually large powder charges 
depositing a proportional amount of the solid products of 
combustion within the bore of the barrel. This deposit is in- 
creased in quantity, and rendered more unmanageable, if the 
powder used be of an inferior quality, or crushed and injured 
during the loading process or otherwise, as I have before 
remarked in Chapter VIII., page 309. On examining the 
interior of a rifle barrel after firing, by looking up it from the 
breech end, it will be noticed that the greater portion of the 
fouling is deposited upon the lower side of the bore, showing 
that these grosser particles have been acted upon by the force 
of gravity in taking up their relative position, in opposition to 
the finer deposit upon the remaining portion of the bore* I 
need scarcely say that if shots be fired from the rifle while it 
is held in other than the normal position, this gravitation of 
the heavier portion of the fouling will still take place to the 
then underside of bore. 

The conclusions arrived at from the observation of this 
manner in which the fouling is deposited have led to the 
endeavour, on the part of rifle-makers, to prevent, as far as is 
practicable, these solid products from passing into the rifled 
portion of the barrel, and thus interfering with the passage of 
the bullet. With this view, cartridge shells of such an 
internal shape as to offer some mechanical means of retaining 
within them as much as possible of these objectionable por- 
tions of the fouling, are preferred. The bottle-shaped shell is 
for this purpose considered to be much superior to the merely 
taper shell. Though probably not originally designed with 



346 THjE modern sportsman 8 GUN AND RIFLE. 


siicli intention, yet we may consider whatever value it may 
have in this respect as a set-off to some alleged objectionable 
features this shell is accused of — that is, increasing the recoil, 
and exerting additional strain upon the breech action as 
compared with the action of the taper form of shell employed 
with a similar charge. Not content with this property in the 
bottled shell, it has been the endeavour on the part of 
some to further intercept and retain more of this fouling by 
adding an internal ridge or fillet about the base of the 
neck of the cartridge where it joins the shoulder ; but, as 
might have been expected, the increase in recoil caused 
by this arrangement quite destroyed its practical value. 
As can easily be understood, the amount of fouling retained 
by the fired shell is largely dependent upon its length as 
well as its form. 

When, however, every possible precaution has been taken 
in these directions, we have still to confront the difficulty 
offered by a large amount of deposit being left in the barrel 
after each discharge, and what we have to do is to prevent 
this accumulating, and thereby, after several shots, unduly 
retarding the bullet fired when the maximum accumulation 
possible has been reached. 

In my remarks on Waddings (page 310), I have indicated 
the most generally approved means of coping with this diffi- 
culty, most of which involve the application of lubrication 
in some form to the interior of the barrel with each successive 
discharge. It is found by experience, especially in 6])orting 
rifles, that this method works well, as, indeed, the existing 
conditions of the rifle during firing would seem to demand 
lubrication — there being great pressure, high speed, and a 
considerable amount of local heat, all simultaneously in opera- 
tion; and when similar conditions exist in ordinary mechanical 
combinations, there is no hesitation shown in falling back upon 
the universally recognized remedy, that of applying lubrication. 



FOULING. 


347 


Those authorities in the rifle world who are rather disposed 
to cavil at the employment in rifles, during firing, of this 
well-known agent for the reduction of friction, have generally 
acquired their experience in dealing with charges of powder 
that are relatively small, and consequently so much more easily 
managed in this respect. They are also, as a rule, disposed 
to unduly estimate the value of a “ sweeping wadding as 
compared with one of a more active lubricating nature — per- 
haps overlooking somewhat the fact that the bullet, especially 
when covered with a paper jacket and duly proportioned in 
all respects to its work, must of necessity perform a great 
share of the sweeping business, passing up the barrel, as 
it does, a complete fit,^’ and in front of the wadding. A 
barrel kept cool and moist internally by the action of the 
breath will suffer much less from the effects of fouling than 
one not so treated — all other things being equal. 

It is to be noted that anything in the internal structure of 
the barrel, offering a mechanical obstruction to the onward 
rush of the dirt-laden powder gas, always causes the fouling 
to accumulate unduly at that point ; and probably, from this 
cause mainly, one form of rifle groove may be preferable to 
another. Also we may reasonably assume that in barrels 
rifled upon a varying curve — the slow pitch occurring, as it 
does, at the breech end, and the grooving there running 
approximately parallel, or nearly so, to the path of the gas — 
less opportunity is consequently given for the fouling to 
lodge than would be the case with a sharp spirally cut groove 
forming a marked amount of angle to the action of the gas 
blast ; and, therefore, under circumstances of imperfect 
lubrication, when no check of sufficient efficiency is supplied 
to restrain the accumulation of fouling about and just beyond 
the mouth of the chamber (always a dangerous spot), such a 
contrivance as that offered by the increasing spiral system of 
groove may be of some value. 



348 the modern 8P0BT8MAN^8 GUN AND RIFLE. 


Ebcoil. 

Eecoil is a matter much affecting the results obtained from 
a sporting rifle, acting, as it does, on both the firer and the 
rifle in various ways. As to its action upon the firer, there 
can be no doubt that a rifie having a severe amount of recoil 
is a great nuisance to its possessor. It may be quite true 
that, in the moment of excitement while firing at game, the 
recoil blow is not felt; but if, under circumstances where 
no excitement exists, a man be severely and unnecessarily 
punished with every shot he fires, can he become suflSciently 
acquainted with the qualities of his weapon ? 

The causes of undue recoil are several, the most usual being 
overloading the cartridge in proportion to the weight of the 
rifle; and this may result in either one of two ways — an excess 
of powder with a bullet of moderate weight, or a rather 
smaller quantity of the former with a decidedly heavier bullet. 
It can be shown that these opposite methods of overloading 
produce correspondingly different effects in the way of 
recoil. Setting aside the outward swerve of the barrels upon 
firing them one at a time — noticed in my remarks upon regu- 
lating (page 339), as only applicable to double rifles — the 
simultaneous movements of a recoiling rifle are distinctly two 
in number, viz., the backward thrust of the entire weapon, and 
the upward jump of the muzzle end of the barrels. It is 
the former movement that mainly inflicts the punishing blow 
upon the firer^s shoulder, and, as might be expected from the 
facts stated at pp. 94-98, it is this motion that is intensified 
by the use of a heavy bullet. 

It is, unfortunately, rather difficult to illustrate the actual 
effects of recoil upon the firer, as the usual method employed 
in measuring its amount only gives us the result or weight 
of the blow, without giving us the speed with which it is 
delivered — a most important point in treating of the effect 
of a blow upon the fireris shoulder. This probably accounts 
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for the differences observed in the amount of unpleasantness 
felt in firing two rifies whose recoil, as indicated by the spring 
balance, is within a few pounds of each other. 

When a larger charge of powder and a lighter bullet is 
used, we can readily judge of the difference in the recoil 
blow from a rifle of the same weight, &c., as used in the 
opposite case ; and we can further gauge the increase of 
^^jump^^ by testing the performance of the rifle with vary- 
ing charges. The effect of ^^jump^’ is produced by the 
bullet leaving the muzzle of the barrel while the latter is 
in motion both backward and upward. This effect has not 
hitherto been properly investigated, or fully understood in 
connexion with sporting rifles ; though with field artillery a 
precisely similar result was observed and fully investigated 
by Sir J. Whitworth many years ago.* This peculiar effect 
(which, though apparently it seems so very accidental, is yet, 
if tolerable regularity in the loading of the cartridges fired 
be insisted upon, capable of exceeding uniformity in its 
manifestation) is due mainly not to any vibration, or spring- 
ing,’^ of the barrels of the rifle, but to the upward leap of 
the weapon on firing, resulting from the shock of the explo- 
sion being received at a point wanting in stability, and much 
below the axis of the barrels or line of fire. When the rifle 
is fired from the shoulder rest with the sandbag support 
situated near the muzzle end of the piece, this latter being 
firmly held thereon, then the effect of jump is most 
palpable; while if the rifle be fired from the shoulder only, 
without other support than is afforded by the firer^s left hand 
applied in the usual place near the breech end of the barrels, 
a slight reduction in the effect of the jump” is. apparent — 
probably on account of the rifle stock buckling” a little 
across its weakest place, the grip, and thus allowing the 

• “ GanR and Steel,” by Sir J. Whitworth, Bart. London : Longmans, 1873, 
see page 60 et seq. 
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muzzle to droop to a slight extent. That the considerations 
affecting angular value of elevations, bullet drop, &c., are 
much affected by this action of ^^jump^^ may be easily under- 
stood ; but it varies with change of circumstances, and in the 
section upon the theory of projectiles it is necessarily dis- 
regarded in the various tabular statements, which are based 
on the assumption that the muzzle of the rifle is motionless 
during the passage of the bullet and at the moment the 
latter is launched into the air. 

In proceeding to consider the next cause of error likely to 
be met with — variation of powder charges used — an illustra- 
tion will be given of the amount of interference the “ jump^^ 
action of recoil has with the theoretical laws governing the 
bullet’s flight. 

It will perhaps be unnecessary to allude to other causes 
producing undue recoil in rifles; these are mainly errors in 
constructive detail, not necessary to enumerate here, as too 
technical to be generally understood from a mere verbal de- 
scription. A rifle with its stock of such dimensions and shape 
as to be unsuitable to the physical requirements of the firer will 
frequently inflict a more severe amount of recoil blow than the 
charge fired would seem to justify ; therefore a rifle firing 
heavy charges should, if possible, be fitted to suit the firer with 
the greatest care, or it will always be a most objectionable tool 
in this respect. 

VARiArtoN OP Load. 

In loading up cartridges the sportsman or his assistant may 
be occasionally careless, and so inaccurately measure the quan- 
tity of powder filled into each shell. I use the word measure, 
as, though weighed charges are invariably to bo recommended 
where extreme accuracy be insisted upon, yet measuring, if 
carried out with proper appliances and moderate care, is quite 
sufficiently accurate for ordinary sporting purposes. Still, as 
an example of what may be expected to ensue if any material 
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variation in tlie normal powder charge be made, either 
from accident or design, I give the illustration shown 
below (Fig. 110), which is a reduced copy of a cardboard 
target at which a double Express rifle has been fired, with 
cartridges loaded with three differing powder charges. To 
avoid unduly complicating the groups obtained, one barrel 
only of the rifle was used — the left hand one — jive shots being 



Fig. 110 . Diagram of Different Powder Charges. 


fired with each charge, the point aimed at throughout being 
the lower edge of bullseye, and of course the same amount 
of sight being taken. The distance was 100 yards, the rifle 
a double Express, ’450 taper solid shell, the bullet used, a 
paper covered one 280gr. in weight ; thte rifle weighed nearly 
91b., and the barrels were 28in. long. The target is divided 
into Sin. squares, with a 4in. circular bullseye indicated 
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thereon. The dotted Kne a fc, drawn a little below the centre 
o£ the bullseye, is a horizontal line cutting the point of mean 
impact of the shots fired with the llSgr. charge; the line c d 
serves a similar purpose for the llOgr. group; and e / the 
same for the group made with the I05gr. charge. We thus see 
that a drop of Sin. results from the reduction of 5grs. in the 
powder charge — ^that being the distance the line c d is below 
a b ; and a further drop of 4in. results from reducing the 
charge another 5grs., as shown by the distance the line e / is 
below c d; or a total drop of 7in. on the target with a reduction 
in the powder charge of lOgrs. Of course it is very unlikely 
that such errors in the quantity of powder used would occur 
undesignedly ; but, we can see in what direction and to what 
extent similar though smaller variations in our powder charge 
would lead us. I now come to another and most remarkable 
feature manifested by the rifle in connection with this experi- 
ment. These respective charges were tested from this rifle for 
muzzle speed, or its usual equivalent observed velocity at 
105ft. from the muzzle of the rifle with the following results, 
as shown by the chronograph : 

115 grain Charge. 110 grain Charge. 105 grain Charge. 


18101 

1810 

Mean 

17901 

1794 

Mean 

17651 

1755 

Mean 

1820 

^ 1818 

1790 

- 1790-8 

1765 

^ 1747 

1820 

ft. per sec. 

1788' 

ft. per sec. 

1735 

ft. per sec. 

1830^ 

1792J 

1715 J 


or a difference between the two highest charges of 28ft. per 
second nearly, and a difference of 43ft. between the medium 
charge and the lowest, making a total of 71ft. per second in all. 

Now, according to the tables on page 143, et seq., which have 
been most carefully elaborated from authentic data, the drop 
of the bullet due to the gross reduction of bullet speed would 
be certainly less than lin. upon the target ; but, as we find 
it so much more, we must seek for the additional cause. 
We find, in firing these respective charges, a noticeable 
reduction of the recoil blow w’"Si/W smallest charge; and 
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it is very probable that, with less recoil, there is less jump’^ 
of the muzzle, particularly as the bullet weight remains the 
same in all cases ; therefore we must expect the bullet, de- 
prived as it is of the upward direction given it by the superior 
^^jump’^ of the heavier charge, to strike lower on the target 
when fired with the smaller one, which is the case. No doubt 
more extended experiments are wanted to fully establish this 
peculiarity attending rifles of moderate weight fired with 
heavy powder charges. Such investigations when carried out 
will most probably result in defining the influence exerted 
by jump under definite conditions — a point at present but 
vaguely understood ; but I fully believe that my illustration 
of its effect in such a case as the one stated, and which I 
have endeavoured to describe to my readers, will be found 
to be substantially correct. 

Wind Influence at 100 Yards Eange. 

The influence of wind on the flight of Express rifle bullets 
is much more marked than might be expected, considering the 
short ranges at which they are fired. It is indicated on 
pp, 73 and 74 of this volume what effect a "head^^ or ^^rear^' 
wind might be expected to have on a bullet moving under 
certain conditions. It will be found, however, in practice, that 
the variations in position, or up and down,^' upon the target 
due to the action of wind with Express bullets, will be rather 
more than we might expect from the illustration there given ; 
but when we consider the lightness of these bullets, together 
with the amount of air-resistance set up by their rapid flight, 
and their consequent loss of speed in traversing comparatively 
short distances, we shall be prepared for an occasional amount 
of drop of some two or three inches, due to the action of 
a gust of wind from the front upon the bullet. With side 
winds the effect is more marked, as it is not unfrequent, in 
firing on a gusty day, with the wind blowing in a direction 

A A 
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squBrG across the line of fire, to get a shot occasionaUj* blown 
away to leeward some 4m. or Sin. from the mean centre of the 
group, and this, too, when the firer and his rifle occupy a 
sheltered spot. When we consider the superior surface offered 
by a conical bullet to the action of a side wind, as compared 
with the smaller end-on surface of the same bullet, the in- 
creased lateral deviation from this cause will be readily 
understood. Consequently, we must never expect a fine 
group of shots from a rifle on a gusty day, unless, indeed, 
we are lucky in catching the intermittent wind variations, 
as these cause the great trouble. If the wind blows strongly, 
but steadily, the group will be more or less away from the 
point of aim, but will more fairly represent the capabilities of 
the weapon. 

Opinions upon ^^Jump’^ and ^^Flip.^^ 

Before quite leaving the question as to the amount of 
influence exerted upon the bullet by the movement of the 
rifle at or about the time of firing, and the consequent effect 
upon what should be the position of the shot upon the target 
as compared with the point of aim, I wish to lay before my 
readers the following remarks from Mr. Osborne, which give 
rather a different explanation of one portion of the per- 
formance of the rifle under the above circumstances. They 
are in reply to some queries addressed to him by me in 
relation to the matters treated upon by Mr. Metford at 
pp. 224 et seq. : 

1 cannot quite agree with the solution offered by Mr. Metford 
as to the reason of what may be called the false zero in the 
sighting of rifles. 

That some slight, very slight, buckling ” of a duly proportioned 
rifle barrel may take place during the explosion of the charge is 
probable, but that it occurs to any marked extent is not likely. 
Had the experiment quoted been continued, and the “ grip of 
the stock been either considerably reduced in diameter, or other. 
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wise weakened — for instance, by a saw cut partially through it — the 
peculiar action of the rifle during firing would have been much 
more marked, thus leading to the conclusion that the “ flip ” 
or drooping of the muzzle observed is much more due to the 
springing of the stock than to anything occurring to the barrel. 
No one having a large experience with rifles, which from their 
character as sporting weapons are apt to be j^ushed unduly in the 
matter of strength and consequent rigidity of stock attachment, 
while their barrels are more than usually stout and heavy, could 
arrive at any other conclusion. 

It .is just possible that with a long rifle barrel unduly light 
forward there may be, if rifled upon Mr. Metford’s system of 
a gaining twist, a tendency to “ buckle,” on account of some extra 
strain put upon it towards the muzzle by the resistance of the 
bullet to the change of pitch which becomes most marked toward 
that portion of the barrel. 

It will, of course, be easily seen that a rather slightly pro2>or- 
tioned rifle barrel, so constructed as to have its wall of metal 
rather thicker (or harder) on one side of the bore than the other, 
might, if the weaker side happened to be in a certain position with 
regard to the mass of the rifle generally, be so acted upon by the 
force of the explosion as to amplify the peculiar effects that are the 
result of muzzle droop. 

Other causes may operate in this direction more or less; for 
instance, you will remember the comjdaints against the early 
Lefaucheux B.L. shot guns, whose breech actions at that early 
j)eriod were so slight in scantling, and so loosely fitted that at 
every shot the muzzle drooped perceptibly. 

With regard to the question of lubrication, I believe you will 
find that the felt waddings used in the Metford M.B.L. rifle 
cartridges are saturated with bees-wax, or some similar substance. 
Probably, with the small powder charge used in this rifle, the slight 
lubricative effect of such waddings so juepared is sufficient, at 
least while the interior of the bore remains smooth and in good 
condition. 

That such waddings would give the best results in rifles carrying 
heavy powder charges with the bore surface damaged or rust- 
stained from the heavy wear and tear a sporting rifle is almost 
sure to incur, has not yet been demonstrated, to my knowledge. 

As to what is to be considered “ military ” or not in such a 
matter, is not to be dogmatically laid down by any one individual, 

A A 2 
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or even by one party holding certain views. It is no long time since 
the rifle itself was stigmatised as “ not military,” and in their 
several turns every improvement it has since received has met with 
the same adverse criticism. I remain, yours faithfully, 

Frank Osborne. 

Thus it will be seen that as far as the flip or drop of the 
muzzle peculiarity goes, one authority refers it to an elastic 
motion of the barrel, while another considers tliat the stock 
takes the greater share in the matter, and it certainly appefirs 
to me more likely that the wooden portion of the structure 
should, shaped as it is, be more affected by the blow of the 
discharge than a stout steel tube or pair of tubes attached as 
in a double rifle. At all events, as far as I am concerned, the 
question remains unsettled. 

Method of Testing Trajectory. 

Having now discussed nearly all the points of any impor- 
tance connected with the shooting of an Express rifle, and 
noticed the chief causes of errors in the results thereby 
obtained, I will proceed to consider an €*asily applied mode f)f 
ascertaining the trajectories of various kinds of rifles and 
ammunition at sporting ranges, which has been carried 
through by Mr. Osborne. This can be arrived at, according 
to his experiments, so that any sportsman can adopt his plan 
for himself, and obtain such sufficiently accurate r(*sults as to 
enable him to thoroughly understand the capabilities of his 
weapon, and the suitability of its sighting adjustment to the 
purposes for which he may require to use the weapon. The 
plan I pursued in obtaining a record of trajectories at the 
late Field trials, as set forth on pages 176, 177, and also in 
Chap. X., is probably, taken altogether, the most thorough 
mode of obtaining information on this very interesting subject 
possiVjle, but it is unfortunately a method both troublesome 
and costly; whereas the plan Mr. Osborne describes is 
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exceedingly simple, and thougli probably not so rigidly 
accurate in its results as the former more complete method of 
experiment, has this merit, that the errors that may occur 
in carrying it out (if any) are precisely of the kind and 
degree that are likely to happen when firing at game, and 
therefore, if possible, should be legitimately taken into 
account. Mr. Osborne thus describes his plan : 

The process can be carried out in two different ways, precisely 
identical in principle and results. Given a target, three distances 
are selected, say 50, 100, and 150 yards, and a series of shots are 
then fired from each distance at a bullseye that may be gradually 
enlarged in diameter so as to have the same aiming value at each 
respective range, care being taken that with each enlargement the 
lower edge of ,the bullseye (the actual point of aim) remain 
undisturbed. If these shots be fired carefully (a rest being used) , 
and with exactly the same sighting with every shot, the vertical 
disagreement between the centres of the groups obtained at each 
distance will exhibit the trajectory of the weapon in a manner to 
be easily understood, and in full accordance with the sportsman’s 
requirements. It is well to have the target and firing points 
arranged so as to be fairly upon the same level. The weak point 
in this plan is no doubt to be found in the difficulty there exists in 
aiming exactly alike at the different ranges, but this is precisely 
the difficulty the sportsman has to cope with in using his rifle in 
the field. 

The use of aperture sights instead of those of the usual sporting 
pattern would tend to much reduce the amount of error arising 
from this difficulty, though I have carried out a series of experi- 
ments upon this subject with such sights attached to Express 
rifles, resulting in no material differences from similar experiments 
in which the ordinary sights were used. 

The other mode of testing this matter is simply a modification 
of the above, that is, the shooting rest remains fixed and the target 
a sheet of cardboard affixed to a frame that can be placed in the 
ground is in succession stationed at the distances from the firer 
above mentioned. I give diagimms of the shooting of various 
kinds of sporting rifles when tested in the manner and for the 
purpose above described ; from these it will be seen that some 
combinations of rifles and cartridges hitherto reputed to be of some 
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considerable value for sporting are, in the matter of 

flatness of trajectory (at least from beyond 100 yards), not quite 
all that may be desired ; in others the degree of excellence obtained 
in this res])ect is such as to exceed what we might be j^reparod to 
expect from theoretical conclusions only, and in one or two 
instances to some extent justifying the guninaker’s boast that he 
can produce a rifle that is almost practically “ point blank ” uj) to 
150 yards range — though, as a matter of fact, this phrase must be 
entirely sunk in speaking of rifle matters, conveying as it does the 
falsest of false imi^ressions. 

It should be noted in considering the following diagrams that the 
grouping value of the rifle is not what is intended to be shown — 
that feature in finely shooting rifles being sufficiently shown in your 
account of the Field rifle trials ; indeed, in all cases, only one 
barrel of a double rifle has been fired, the object being to avoid 
needlessly complicating the groups obtained. It should also bt* 
understood that in no case has the aim been varied from “ fine ” 
at the shorter to “ full at the longer distances more than is 
perhaps unavoidable in such a series of shots at varying ranges. 
On observation it will be at once seen that such a variation would 
reduce the “ up and down ” of the rifle materially. 


Trajectory of 12-bore Rifle. 

The first rifle I shall take into consideration is one of 
12-gauge, the long-standing favourite weapon of Forsyth and his 
contemporaries in Indian sport, though, instead of going back to 
his small charges of 4drs., or thereabouts, of powder, as used 
in the then muzzle-loaders, we can now venture to use 7drs. in 
our breechloader without fear of breaking down our rifle with 
fouling, or materially inconveniencing the firer from recoil, the 
rifle being of sufficient weight as usually made to practically absorb 
most of the blow from such a charge. The spherical ball is retained 
for reasons before stated, therefore we have a double 12-bore rifle 
weighing about 12|lb., with 26in. barrels, firing 7drs. of powder 
and a spherical -ball of about 585grs. in weight, this being 
delivered at a muzzle speed of about 1580ft. ]>er second. The 
annexed diagram shows the results obtained from firing a scries of 
five shots (from the left barrel of the rifle only) at the respective 
distances of 50, 100, and 150 yards, with the same sighting and 
point of aim in each case as near as may be. The line a b passes 
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through the centre of the 50 yards group, c d cutting that of the 
100 yards group, the drop of bullet, as shown upon the target 
between these ranges, being but 2^in. or thereabout. On firing at 
the 150 yards range, we find that the line ef, crossing the centre of 
group obtained at this distance, is no less than 14in. below the 
line c d, or a total drop of bullet between 50 and 150 yards of more 
than 16in. The results obtained at the shorter ranges are such as 

3in. kqfares. 



Fia. 111. Diagram or 12-bore Double Rifle Fired at Three Distances. 


might be expected from the table given at p. 184, but the great 
drop in the next 50 yards in consequence of the rapid loss of speed 
from air resistance u 2 )on such a bullet as the one used may rather 
surprise some of your readers. 

It will be sufficiently obvious that such a rifle and its ammu- 
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uition as that under our notice, though powerful and effective as it 
should be from the weight of the arm and the amount of powder 
charge employed, and sufficiently flat in its trajectory within the 
100 yards range, is yet largely discounted in its usefulness for 
general heavy game shooting by the fact of its requiring an extra 
sight leaf for every thirty or forty yards range beyond that 
distance. 

3in. squares. 



Fig. 112. Diaobam op '577 Express Bifle Fired at Three Distances. 


Trajectort of -577 Express Eifle. 

The next rifle to be considered is a *577 Express, so called, of 
about 10|lb. weight, 27in. barrels, firing a charge of lOOgrs. of 
powder, and a 520gr. bullet at a muzzle speed of about 1670ft. per 
second. The above diagram exhibits the shooting of this rifle 
under similar conditions to those previously described ; but we 
here find a rather different state of things, more nearly approaching 
what we require in an Express rifle, but still by no means attaining 
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our ideal of what that combination of rifle and ammunition 
should be. The difference between the line a 6 at 50 yards and 
that (c d) at 100 yards shows a drop of more than 4in., while a 
farther drop of over 5in. occurs between 100 and 150 yards, giving 
a total drop of about lOin. in the entire distance. This shows con- 
clusively that, however 'powerful a tool the '577 may be, it only 
possesses the true Express qualification in the matter of trajectory 
to a partial extent, though, if the method of aiming “ fine ” at the 
short range, and “ full ” at the longer, be adopted and mastered, 
but little practical difficulty need be experienced by the sportsman 
in this particular matter of using the same sight for all distances 
within 150 yards, showing a decided advance upon the 12-bore in this 
respect, besides giving us a much more easily portable arm of equal 
if not superior, power. On comparing this illustration of the 
trajectory of a *577 rifle with the examples given in the Field 
trials, some little discrepancy may be found to exist between 
them ; but, if allowances be made for the variation in load, and 
probably also in other details, the two statements will be found 
capable of reconciliation. 

Trajbctoey of *500 Express Bifle. 

We now come to an example of a sporting rifle that very fairly 
illustrates the remarkable advance in the development of these 
weapons, resulting in the production of such an arm as that we 
are about to consider. This rifle is a double *500 Express, of about 
9|lb. weight, 28in. barrels, firing 130gr. of powder, and a 350gr. 
bullet, having a muzzle speed of about 1880ft. per second. It will 
he seen from the accompanying diagram that a drop of over 3in. 
occurs between 50 and 100 yards, and only a drop of about lin. 
between the latter distance and 150 yards. This is manifestly in 
utter disagreement with all the laws governing the flight of pro- 
jectiles, aud we must seek for an explanation of the anomaly in 
the action of the “jump” of the rifle in firing. That this 

jump ** has a greater angular value upon the target when the 
rifle is fired from a longer range is obvious, and therefore at, or 
between, the shorter ranges its effects are not so striking as upon the 
relative position of the group fired from the 150 yards, where, as 
will be seen, the “ jump” has very nearly neutralised the drop of the 
bullet due to air resistance and gravity pull ; thus, what is called 
the long “ point blank ” of the Express combination of rifle and 
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ammunition is largely due to the effect of the “ jump ” upon the 
rifle in firing, giving an increased momentary amount of angle of 
elevation, in addition to the permanent angle of the sight adjust- 
ment. The entire “ up and down ” of this rifle from the centres 
of the respective groups at 50 and 150 yards is but 4^in., thus 
giving the sportsman a command of the vital portions of any 
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Fia. 113. Diagram of '500 Express Bifle Fired at Three Distances, 


ordinary-sized animal’s frame from any point within the longer 
range — and satisfying every condition of sport likely to arise in the 
pursuit of heavy and dangerous game, especially when we consider 
the severe shock and lacerating effect of the bullet used. It 
should also be noticed that these advantages are combined with 
those of moderate recoil, and an easily portable weapon. 

Trajectory of '450 Express Rifle. 

One other example of a still higher degree of development of 
the Express rifle fired under the same conditions as those already 
discussed, is given on the diagram herewith. 

The rifle is a double ‘450 “Magnum” Express of 9ilb. weight, 
26in. barrels, firing 150gr8. of powder, and a 270gr. Imllet, with a 
muzzle speed of 2000ft. j>er second and upwards. 

It will be noticed that the lines crossing the centres of each 
group are in an up and down of less than 3in., and that the entire 
fifteen shots are in 6in. of vertical measurement ; it will also be 
seen that the line e f, indicating the centre of the 150 yards group, 
is actually higher or nearer that of the 50 yards group than is the 
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line c d belonging to the shots fired at 100 yards range. Of course 
this abnormal state of things can only be attributed to the peculiar 
effect of the “ jumj) ” action of the rifle in firing, and even expe- 


SQUARES. 









c - 

^ - 

■tii 


(1; 

• 

-or 













1 

1 



Pig. 114. Diagram of *450 “ Magnum ’* Express Eifle Fired at Three 

Distances. 

rienced rifle shots may be excused for having overlooked the 
influence this action of the rifle has upon the vertical deviation of 
its fire at various ranges with the same sighting used at each. 

Tbajectory of Mabtini-Henry Sporting Eifle. 

As an illustration of the manner in which a rifle and its ammu- 
nition of small calibre, constructed upon other than Express lines, 
comes out when treated for diagram upon this plan, I give the 
results obtained from firing a single sporting Martini-Henry rifle 
of 8|lb. weight, 28in, barrel, using the Government pattern *577- 
•450 service cartridges, containing 85grs. i>owder, and 480gr. 
bullet, with a muzzle speed of about 1240ft. per second. 

It will be seen that, at 50 and 100 yards, there is no serious 
amount of drop or vertical deviation of bullet other than 
exists in most sporting rifles, but on firing at 150 yards, we 
find a serious drop really requiring an additional sight leaf to 
render the rifle useful for six)rting purposes when fired from this 
range. As in the })revious diagrams, the line a h, belonging to the 
50 yards group, is here seen to be 3in. above the line c d of the 
100 yards group, but the line e f of the 150 yards group is nearly 
12in. below the former, showing a total drop of nearly 15in. in all.. 
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The contrast between the two diagrams immediately preceding, 
and the one under consideration, affords conclusive evidence of the 
great value of the modem Express system for ordinary sporting 
requirements. 

Having now as far as my space permits explained and illustrated, 
by examples of the leading types of sporting rifles, this method of 
ascertaining their trajectory values, it will be necessary for me to 
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Fig. 115. Diagram of Eifle usikg the •577-'450 Government M.H. 
Cartridge Fired at Three Distances. 


state that the foregoing diagrams must not be expected to be 
literally repeated in the firing of any similar rifles by the sports- 
man. On the contrary, each rifle will be found more or less to have 
an individuality of its own in this matter of “up and down*' 
(and also in other points) as compared with the results shown in the 
above diagrams, though these may be taken as representing about, 
or perhajjs rather above, the fair average in the matter of tra- 
jectory of each system of rifle and ammunition investigated. 
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In testing the rifle for accuracy of fire, sighting, <fcc., a very 
similar plan may be adoi)tcd to the one I have described, but of 
course both barrels must be fired alternately, care being taken not 
to injure the groujis obtained by firing too raj)idly. 

F. Osborne. 

It will be seen that the requirements of sport have led. to 
the development of the Express rifle and its ammunition, in a 
manner that may bo best explained and understood by treat* 
ing it as a combination of the accuracy and portability of the 
old-fashioned rifles using light bullet and powder charge, 
with the smashing, power of the heavier and larger calibres ; 
but the specially prominent feature of the Express, its flat 
trajectory (within sporting ranges), is peculiarly its own, 
and results, as I have endeavoured to explain, partly from 
the high speed of its projectile, and partly from the effect 
of the ^^jump’^ upon the rifle in augmenting the angle of 
elevation already established and existing upon the sights of 
the weapon. Of course the action of flip or muzzle droop 
during the act of firing would tend to destroy or neutralise 
the beneficial action of the jump in this respect. However^ 
as I have before remarked, further evidence on these inter- 
esting subjects is necessary to their full elucidation, and I 
shall be glad to receive and publish in the columns of the 
Field, any results of carefully conducted experiments that 
may be transmitted to me for that purpose. Should Mr. 
Osborne’s experiments be repeated by any of my readers who 
desire absolute accuracy in ascertaining the trajectory of a 
rifle, I would suggest that the front sight should be raised, 
BO as to make the line of aim parallel with the axis of the 
barrel. The difference of angle does not practically affect the 
result to any appreciable extent, but theoretically it may bo 
objected to. 

Considerations of space now compel me to bring this 
chapter to a close, though the subject is by no means 
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exhausted, but I trust it has been so sufficiently treated as to 
give my readers some little information upon the very 
interesting points we have had under consideration . They will 
perceive that the questions involved in the construction of a 
first-rate double sporting rifle are of a very complex character, 
and demand, for their successful treatment, the possession of a 
high order of skill and considerable experience on the part of 
the rifle maker; and that, faither, it is not in the nature of 
things for us to expect that such a combination of science and 
art as is embodied in a really fine rifle should be available at 
a low price ; and in this matter a few pounds judiciously laid 
out in what appears to be the extra charges of a good maker 
is most certainly money well spent. 



CHAPTEE X. 

PUBLIC TRIAL OF SPORTING RIFLES. 

033JECTS OF TEIAL— EEPOET OF TEIAL— EOOK EIFLES— EXPEESS 
EIFLES— LAEGE BOEE EIFLES— TABLES OF DIAGEAMS. 

In order to establish a standard of the performances made by 
the several kinds of rifle used in sport, I instituted a public 
trial at Putney, in the summer of last year, giving fully two 
months’ notice to the gunmakers. Unfortunately I was unable 
to get the gi'ound for the trial later than October, and as a 
consequence, several leading firms, being engaged in pre- 
paring for the forthcoming season, were precluded from com- 
peting. Nevertheless, I was fortunate in obtaining an entry 
for every class from Messrs. Holland, who are admittedly in 
the A1 class, and, no pains being spared either by Mr. Henry 
Holland or his assistant, Mr. Froome, not only did they win 
every prize, but the performance of each rifle may be accepted 
as of the very highest character — and in fact this position has 
as far as I know never been disputed. In addition to the 
attainment of a standard, I was also anxious to ascertain, 
through an actual demonstration by means of screens, how far 
the Boulenge chronograph is to be relied on as a measure of 
trajectory; and, lastly, I was desirous of arriving at the 
actual distance up to which a full and fine ” sight will cover 
a vital part in an animal of the size of a deer, as ex, gr,, the 
heart or brain. This was clearly shewn to reach 150 yards, 
beyond which I was not able to test any rifle ; but with the 



368 THE MODERN SPORTSMAN'S GUN AND RIFLE. 


Express rifle giving 1750ft. muzzle velocity, the highest point 
of the trajectory is little over 4in. on the average, and this 
is well covered hy a " full and fine sight. 

It may, therefore, be alleged, without fear of contradiction, 
that I have, by means of the trial to be presently described, 
ascertained, 1st, the highest standard of the performance of 
the several sporting rifles in general use ; 2ndly, that the 
Boulenge chronograph, giving the muzzle velocity of any 
rifle, will enable any person conversant with figures, by means 
of Bashforth^s tables, to ascertain the trajectory of that rifle,, 
as has been explained by my friend in Book IV. ; and 

3rdly, that an Express rifle may be used with the same sight, 
^^full and fine,^^ up to 150 yards. I shall now proceed to 
give the report of the trial as published in the Field of 
Oct. 6 and subsequent issue, 1883. 

Report of the Rifle Trial of 1883. 

It is a source of great gratification to us that the above 
trial (held at Putney, Oct. 1, 3, and 4), has been brought off 
without the slightest drawback, and with the most satis- 
factory results. In order to allow of the use of screcms with 
the view of demonstrating to the eye of the spectator the 
trajectories of Express rifles, we were compelled to select a 
range which could be well fenced in from the wind, and at 
the same time so near our own residence as to enable us 
to level the screens with perfect accuracy. For this pur- 
pose we were luckily able to obtain the use of a piece of 
ground at Putney; but the annoyance to the inhabitants 
was so great, that we stopped before reaching the big rifles 
of 12, 10, 8, and 4-bore, and postponed their trial for a few 
days, with the view of shooting them at some one of the 
open ranges near London. The weather, on the whole, was 
favourable, and specially so on Monday and Tuesday; but 
on Wednesday there was a steady light rain all day, and on 
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Thursday a strong wind from the left fronts against which 
even 9ft. fences were no great protection ; but, the only 
rifles then tested being '577 Expresses, the high velocities 
and heavy balls caused the wind to have little or no effect. 
We were enabled to obtain the trajectories of the four 
winning rifles, but time did not permit us to try any more ; 
besides which, the wind on Thursday, blowing down the 
range when we proposed to do this, was so high as to burst 
the paper unless the wires were kept up to back it, and 
this we found to be dangerous, one of the balls hitting a 
wire which was of strong steel, and being thereby deflected 
off ^ the target, and of course it might possibly reach an 
individual outside the range. Our butt was 25ft. high, .of 
solid bricks, faced with 3ft. of sand, boarded in front, so 
that no ordinary shooting was attended with danger; but 
in one case Mr. Adams’s ammunition was defective, and three 
balls stripped at 50 yards, upsetting, and going a foot or two 
outside the carton ; so that he at once withdrew the gun, 
as possibly unsafe at the longer ranges, saving us from the 
disagreeable necessity of doing so ourselves. 

Messrs. Holland’s rifles performed throughout most splen- 
didly, and, though occasionally they were beaten at individual 
ranges, their averages were highest in each class. In one 
instance, indeed (Class 4), they came second at each range, but, 
nevertheless, came out first on the average of the three ranges. 

In all the classes Messrs. Holland abstained from cleaning 
out from first to last. The other competitors cleaned out 
after each change of range, as permitted by the conditions. 
This speaks volumes for the excellent lubrication used by the 
above firm, and for their plans of rifling. 

The following is the score of the several classes, calculated 
by Mr. B. 0. Bvelegh, under the inspection of the competi- 
tors, from centres selected by themselves. The mean radial 
deviation is given in inches and decimal parts of an inch : 


B B 
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ROOK RIFLES. 

Class 1, single rook rifles not exceeding 61b. in weight, barrels not to 
exceed 28in. in length; ranges, 50 and 75 yards, twenty shots at each 
range. No trial for trajectory. 


50 Yards. 

In. 

! 75 Yards. 

In. 

Holland 

... *395 

Holland 

... *696 

Tranter 

... *821 

Adams 

... 1*428 

Watson 

... *914 

Tranter 

... 1-566 

Bland 

... *916 

Jeffries 

... 1-728 

Adams 

... 1*077 

Bland 

... 1-905 

Jeffries 

... 1170 

Watson 

... 2-034 


Averages for the Two Ranges. order of 


Merit. 


Holland 

*545 

1 

Tranter 

1*193 

2 

Adams 

1*253 

3 

Bland 

1-410 

4 

Jeffries 

1*449 

5 

Watson 

1*474 

6 


The diagram made at 50 yards by Messrs. Holland's ’295 
is the best we have ever seen made, and astonished some of 



Fio. 116. Holland’s Book Bifle at 50 Yards. 

the London gunmakcrs who were present, and who were pre- 
viously sceptical as to the diagrams we have from time to 
time recorded in our columns. The bull was in fact cut all 
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3T1 


to pieces in the centre, and it was difficult in several of the 
shots to fix the exact situation of each hole. 

Their 76 yards diagram is also extremely good. All the 



competitors who had entered a second rifle withdrew it, not 
having any hope of heating Messrs. Holland's diagram. 


EXPEESS EIFLES. 

Class 2. For •400-bore double rifles, weight not to exceed 81b., barrels 
not to exceed 28in. ; powder not to be less than 3drs., weight of lead not 
more than three times the weight of powder; ranges, 50, 100, and 150 
yards. 

50 Yards. 100 Yards. 150 Yards. 

Holland 1139 2*139 3*232 

Average of the three ranges 2*183. 

Here Messrs. Holland had no competitor, owing to Messrs. 
Bland's rifle being l^oz. overweight, and that Mr. Watson 
did not appear with his. The performance was of the very 
highest class, the weather and light being favourable. Eecoil 
at 501b. pressure, 711b. 


B B 2 
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Class 3. For double rifles of •450-bore; weight not to exceed 91b., 
barrels not more than 28in. ; powder not less than 4drs., weight of lead 
not to exceed three times the weight of powder ; ranges as in Class 2. 



50 yds. 

Order of 
Merit at 
60 yds. 

100 yds. 

Order of 
Merit at 
100 yds. 

160 yds. 

Order of 
Merit at 
150 yds. 

Bland, No.l... 


1 

2-752 

2 

6-980 

3 

Holland 

1-132 

2 

, 1-318 

1 

1-449 

1 

Bland, No. 2... 


3 

! 2-763 

3 

5-936 

2 


Average of the Three Ranges. order of 

Merit. 


Holland 

1-299 

1 

Bland, No. 2 

3-333 

2 

Bland, No.l 

3-588 

3 



Fio. 118. Hollakd’b ^SO-Bobb at 50 Yakds. 


In this trial Messrs. Bland’s made an excellent diagram at 
50 yards, but were behind at the longer ranges. Messrs. 
Adams’s rifle was withdrawn, as above mentioned, for three 
wild shots. Here again Mr. Watson did not appear. The 
recoil of the winner was 961b. 
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Fio. 119. Holland’s •450-Bore at 100 Yards. 
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Fia. 120. HoiiiiAivp’s *450-BoBi: at 150 Yabds. 
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<^s 4, for double rifles of -SOO-bore ; weight not to exceed 101b., 
len^n of barrel not to oxcood 28in. ; powder not less than 5drs. ; lead 
as ^ Cl^ iJ^ore than three and a half times the weight of powder ; ranges 



flOyds. 

Order of 
Merit 
at SOyds. 

lOOyds. 

i 

Order of 
Merit 
atlOOyds. 

15(^ds. 

Order of 
Merit 
at ISOyds. 

Jeffries 

1-052 

1 

i 1004 

1 

4*124 

3 

Holland 

1-093 

2 

1164 

2 

2*900 

2 

Adams 

1-489 

3 

! 3*872 

1 4 

2*400 

1 

Bland, No. 2... 

1-928 

4 

: 3*405 

3 

8*209 


Bland, No. 1... 

1-989 

5 

i 4*127 

5 

5*277 

4 


Average 

op THE Three Ranges. 

Order o 

Holland 

1*719 .. 

Merit. 

1 

Jeffries 

2*060 

2 

Adams 

2*587 

3 

Bland, No. 1 

3-797 

4 

Bland. No. 2 

4*514 

5 



Fia. 121. Jeffries' -SOO-bobk at 50 Yards. 

In this class Mr. Jeffries pushed Messrs. Holland very hard, 
making a splendid diagram at the first two ranges, but breaking 
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down slightly at 150 yards. Mr. Adams’s second rifle was 
disqualified for being overweight. The recoil of the winner was 
1011b. 


Fig. 122. Jeffries’ ’500-bobs at 100 Yards. 

Class 6, for double rifles of -STT-bore; weight not to exceed 121b., 
length of barrels not to exceed 28iu. ; powder not less than 6drs ; leacl 
not more than four times the weight of powder ; to be shot at the same 
ranges as Class 2. 


! 

j 50y<lB. 

Order of ! 

Merit 
at fiOyda. 

lOOydB. 

Order of 
Merit 
at lOOyda. 

150 yds. 

Order of 
Merit 
at IfiOyds. 

Adams, No. 1 .. 

: 1056 

1 

2*791 

2 

5-874 

6 

Holland 

M28 

2 

2*098 . 

1 

2-418 

i 1 

Adams, No. 2 .. 

i 1-200 

3 

3*131 

4 

3-427 

2 

Bland, No. 2. .. 

1*594 

4 

4*092 

6 

4-521 1 

4 

Watson 

1-826 

6 

2*870 

3 

5-098 1 

5 

Bland, No. 1. .. 

2-058 

65 

3-806 

5 

4.373 1 

51 
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Average 

OF THE Three Ranges. 

Order of 
Merit. 

Holland 

1*881 

1 

Adams, No. 2 

2*586 

2 

Adams, No. 1 

3*240 

3 

Watson 

3*281 

... 4 

Bland, No. 2 

3*402 

5 

Bland, No. 1 

3*412 

6 


. In this class Mr. Adams (for whom Mr. Bates^ the well- 
known match rifle shot, performed throughout) took the lead 
at 50 yards, but could not sustain his position further on, 
and Messrs. Holland again won on the average, with a very 
splendid rifle, which, indeed, was the pick of their wonderful 
basket. Recoil, 119^1b. 

W e may mention that all competitors expressed their entire 
satisfaction with the arrangements, including the measuring 
machine, which was designed and made for the occasion/’ 

For the completion of our trial of the large bores, we were 
permitted by Mr. Brown, of Nunhead, to u^e a portion of his 
capital ground on Tuesday, Oct. 9, and were fortunately 
favoured with a remarkably fine day, without either sun, rain, 
or wind. As at Putney, Messrs. Holland carried all before 
them, winning classes 6, 7, and 8 from Messrs. Bland, who 
were their only competitors, and scoring first in classes 
9 and 10, owing to Messrs. Bland’s man, who was charged to 
be at Nunhead by twelve o’clock, not appearing till 1.45, when 
Messrs. Holland had walked over with his smooth-bore, 
and had got half through with his 4-bore. The latter per- 
formed wonderfully, giving perhaps the best diagram made in 
the whole trial ; but it was unlucky for Messrs. Bland that 
they had no chance of shooting with their smooth-bore, as 
that of Messrs. Holland was by no means first-rate, the 
diagram being just within a foot square. We have repeatedly 
been told by gunmakers that a diagram six inches square may 
be made with this weapon ; but, after trying the experiment 
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at least twenty timesj with guns from various makers, we have 
never seen less than nine-inch diagram ; but this has resulted 
once or twice, and Mr. Froome, who shoots and regulates 
Messrs. Holland's rifles, states that he has more than once 
made a six-inch diagram within the last few days. Naturally, 
public performance seldom equals that done in private, but, 
making all allowance for this difference, Mr. Froome’ s 
shooting with the smooth-bore at Nunhead was such as to 
give Messrs. Bland a fair chance, if the trial had come off. 
In all the other classes, although he was occasionally beaten 
at 50 and 100 yards, he always had so much the best at 150 
yards, that he came out the winner ; and, taking the whole 
series of trials into consideration, his shooting has been of 
of the veiy highest order. Messrs. Holland may certainly 
congratulate themselves on the possession of so competent 
an assistant in regulating and shooting their rifles. Mr. 
H. Holland, who personally designed the whole of the 
magnificent series of rifles which were tested by us, also 
richly deserves the credit that attaches to their performance. 
We understand that the whole of them were rifled under his 
superintendence, and afterwards regulated and shot at his 
Kensal Green ground by Mr. Froome. 

We append the diagrams made by his rook rifle, and also 
those of his •450-bore, which, taking all the ranges, did 
perhaps the best. We have selected this bore for the follow- 
ing reasons : First, it is the only one in which we were able to 
test another of the same class (Messrs. Bland’s) through the 
screens, and, secondly, because it is the same bore as that 
of the rifle we tested, and described in the Field of Feb. 24, 
1883. On comparing the two diagrams, it will be seen that the 
one made in private is slightly the better of the two ; but the 
150 yards shoot at Putney is the best we have ever seen, being 
far superior in proportion to that made at 100 yards, as indeed 
was the case with almost all Messrs. Holland’s rifles. 
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In the • 500-bore contest, as previously remarked, Mr. 
Froome was beaten at the 50 and 100 yards, Mr. Jeffries 
making a wonderful 100 yard diagram, but he fell off sadly 
at 150 yards, owing to the comparative lightness of his 
bullet, which on that account was not so true at the longer 
range. Mr. Holland had, however, so fixed his weights as 
to serve him well all through, and this was one great source of 
his success. The fact is, that the construction of rifles and 
the proper adjustment of their charges require long thought 
and careful trials ; and it is only by the combination of theory 
with practice, such as is practised by the Bond-street firm, 
that success can be achieved. 

We have not been able to measure the diagrams made at 
Nunhead, which requires the selection of a centre by the com- 
petitors ; but there could be no doubt of the superiority of 
Messrs. Holland's rifles, and we have consequently awarded 
them the prize in each class, and they have, therefore, ^ swept 
the board.^ 

We append the meteorological report of Mr. J. H. Steward 
(official optician to the National Rifle Association), giving the 
results of observations made each day at 11.30 a.m. We 
have added, however, the words ^ light ^ and ^ strong ’ after 
the direction of the wind. 


Date. ' 

Barometer. | 

Wind. 

1 Thermometer. 

Dry Bulb. 

Wet Bulb. 

Monday, Oct. 1 

Tuesday „ 2 

29*82 

30*08 

29*65 

29*56 

S.W., light 
N., light 

W., light 
N.W., strong 

56 

52 

49*5 

52 

50 

46*5 

48*5 

49 

Wednesday, „ 3 

Thursday, „ 4 


We may add that the range ran from north to south, the 
targets being at the northern end. 

The following tables have been drawn up with great care, 
and give all the details of the shooting from the shoulder 
throughout the Putney trials, with the strings calculated on 
the plan laid down in the programme.^^ 
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Class I. — Hook Bifles. 

SiKOLE Bifles, not exceeding 61b. in weight, nor 28 inches in length ; 
ranges 50 and 75 yards ; 20 shots at each range. 


String at 50 Yards. inoSs! 

Holland (•295-bore ; weight, 51b. 15oz. ; length, 28iu. ; powder, 
12grs.).— -69, -53, -32, -29, -53, ’58, -48, -81. 56, -71, ’48, '68, 

•18, •!!, •IS, 0, •!!, •I?, ^25, •SO ; total, 7^91 inches •SSS 

Teanteb (•300-bore ; weight, 51b. 15oz. ; length, 27fin. ; powder, 
17gr8.).— -94, -78, -78, -76, 1-65. 177, 65, -13, 30, -54, -80, -60, 

•60, -67, -92, 1-11, 0, 102, 1-52, -88; total, 16 42 inches -821 

Watson (•300-bore; weight, 51b. 154oz. ; length, 27f in. ; powder, 
17grs.).— -26, -20, 55, 146, 1-68. 1-05, -85, 0, -32, 1-03, -38, 

1-30, 1-71, 1-77, 2-57, 29, -53, -84, 100, -49; total, 18-28 
inches -914 


Bland (-SSO-bore ; weight, 51b. 12oz. ; length, 274in. ; powder, 
14grs.).— 1-30, -82, 70, -26. 48, 165, 1-20, ]-08, 58, 1-15, -82, 

101, 1-45, 0, -23, 1-37, -81. 1-50, -23, 165 ; total, 18-32 inches -916 
Adams (-SOO-bore ; weight, 4lb. lOoz. ; length, 25iin. ; iwwder, 
14grs.).— -60, -50, 1-58. 1-46, 1-57, 1-04, -99, -81, -55. -86, 1 14, 

1 11, -87, -81, 1-32, 1-40. 1-26, -83, 145, 140; total, 21-55 

inches 1'077 

Jeffbies (-SOO-bore ; weight, 51b. 12oz. ; length. 27^in. ; powder, 
12grs.).— 14, 1-38, 1-86, 1-41, 114, 149, 2 05, 40, 2-01, 1-09, 

100, -37, -48, 1-99, 1-31, 100, 1-51, 80, 124, 74 ; total, 23 41 
inches 1-170 


String at 75 Yards. 

Holland.— 1-59, 1-07, -51, 47, 92, -73, 2 01, 1-85, -39, -48, -40, -83, 


•88, -50, -38, -38, 10, 0.5, 16, -22; total, 13 92 inches -696 

Adams.— -52, 74, 2 56, -98, 166, -73, 184, 26, 150, 135, 2-62, 38, 

2-40, -48, -36, 1-99, 140, 247. 169, 2 64 ; total, 28-57 inches ... 1-428 
Tbanteb.— 1-89, 1-32. 3 03, 2 93, 149, 177, 110, 1-50, 123, 1-70, 

1-51, 3 04, 2 16, 1-80, -55, 38, 1-13, 125, 1-54, 0; total, 31-32 

inches 1-566 

Jeffbies.— 2-63, 1-36, 150, 2 90, 64, 150, 170, 140, 142, 1-51, 

1-81, 1-95, 1-25, 1-22, 2 89, 110, 1-34, 117, 2 87, 2-40 ; total, 

34‘56 inches 1*728 


Bland.— -72, 76, 1-53, 313, -79, 3 30, 3 29, 2 30, 2-71, 2 30, 2 24, 

;84, -78, -71, 2-09, 1-00, 2 48, 1-76, 2-08, 3-30 ; total, 38-11 

inches 1*905 

Watson.— -55, 1-89, 5 54, 3 49, 1-90, 3-64, 3-65, 1-78, 2-^, 0, •% 

1-74, 2-32, 1-89, 2 08, 83, 1-34, 98, 1-59, 2 57; total, 40 69 

2-034 
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Order of 

Merit. 


General 

Position at 

Makers. 

Average of the 

position. 

respective ranges. 

two ranges. 

1 

1, 1 

Holland ... 

*545 

2 

2, 3 

Tranter . . . 

1193 

3 ; 

5, 2 

Adams 

1-253 

4 

4, 5 

Bland 

1*410 

5 

6, 4 

Jeffries ... 

1*449 

6 

3, 6 

Watson .... 

1-474 


EXPRESS RIFLES. 

Class II. — *400-Bore. 

Double Rifles, not exceeding 81b. in weight, nor more than 28 inches 
in length ; powder not less than Sdrs. ; weight of lead not more than 
throe times the weight of powder ; ranges, 50, 100, and ] 50 yards ; ten 
shots at each range. 

Strinif ai 50 Yards. 'toSor 

Holland (weight, 71b. 14oz.; length, 26 inches; 3drs. powder 
and 219grs. bullet, or proportion of 1 : 2*66 ; recoil, 711b. ; shot 
on Monday eTeniiig, in a good light, with no wind). — Right 
barrel, 1*29, 115, 115, *14, 1-66 ; left barrel, 2*28, 1*20, 117, 

1*21, -14 ; total, 11*39 inches 1*139 

100 Yards. 

Right barrel, 1*21, *96, 2*04, 1*17, 2*08; left barrel, 4*00, 2*57, 
2*82,1*24,3*70; total, 21*79 inches 2*179 

150 Yards. 

Right barrel, 4*97, 1*77, 1*69, 4*54, 5*59; loft barrel, 2*38, 2*36, 

1*86, 1*81, 5*35 ; total, 32*32 inches 3*232 

Average of the three ranges 2*183 

Bland. — Rifle not tried, being IJoz. over weight. 

Class HI. — 450-Bore. 

Double Rifles, not exceeding 91b. in weight, nor more than 28 inches 
in length ; powder not less than 4drs. ; weight of lead not more than 
three times the weight of powder ; ranges 50, 100, 150 yards ; ten 
shots at each range. 

String at 50 Yards. 

Bland, No. 1 (weight, 81b. ISJoz.; length, 28in. ; llOgre. powder 
and 300gr8. bullet, or proportion of 1 : 2*72 ; shot at 11 o’clock 
on Tuesday). — ^Right barrel, *51, *84, *85, *49, 1*55 ; left barrel, 

*58, -97, 1*20, 1*98, 1*35 ,* total, 10*32 inches 1*032 
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Hollaitd (weight, 81b. 4oz. ; length, 26in. ; llOgrs. powder and 
328grs. bullet, or proportion of 1 : 2*98 ; recoil, 961b. ; shot on 
Tuesday afternoon). — Bight barrel, 1-64, *78, 2*34, *92, 1*17 ; 

loft barrel, *76, 2*06, *46, *90, *29; total, 11-32 inches 1*132 

Bland, No. 2 (weight, 91b. ; length, 28in. ; llOgrs. powder and 
SOOgrs. bullet, or proportion of 1 : 2*72 ; recoil, 891b. ; shot on 
Tuesday afternoon). — Right barrel, 2*32, 1*49, 1*17, *98, 1*09; 
left barrel, 1*29, *85, 1*48, *95, 1*38; total, 13 inches 1*300 

String at 100 Yards. 

Holland. — Right barrel, *44, 1*78, 2*17, *93, 2*13; left barrel, 

1*08, 2*29, *74, 1*41, *21; total, 13*18 inches 1*318 

Bland, No. l.—Right barrel, 5 49, 2*11, 3*32, 214, 3*27 ; left 

barrel, *38, 2*39, 1*95, 3*28, 3*19; total, 27*52 inches 2*752 

Bland, No. 2. — Right barrel, 5*15, 3*49, 1*84, 3*54, 2*32; left 

barrel, 2*88, 1*89, 2*53, 2*8, 1*19 ; total, 27*63 inches 2*763 

String at 150 Yards. 

Holland. — Right barrel, *38, *27, *28, 1*88, 2*17 ; left barrel, 2*25, 

1*21, 2*21, 3*33, *51 ; total, 14*49 inches 1*449 

Bland, No. 2. — Right barrel, 6*16, 4*52, 10*67, 6*20, 3*18; left 

barrel, 4*94, 10*27, 6*06, 4*43, 2*93 ; total, 59*36 inches 5*936 

Bland, No. l.—Right barrel, 6*46, 16*51, 6*27, 6*43, 5*54 ; left 

barrel, 11*3, 2*4, 2*32, 6*47, 6*10 ; total, 69*80 inches 6*980 



Order op 

Merit. 

General 

PoBition at 

Makers Average of the 

PoBitioxi. 

respective ranges. 

maKers. ranges. 

1 

2, 1, 1 

Holland 1*299 

2 

1, 2, 3 

Bland, No. 1.. 3*333 

3 


„ No. 3.. 3*588 


Class IY. — *500-bobe. 

Double Rifles, not exceeding lOlb. in weight, nor more than 28 inches 
in length ; powder not less than 5drs. ; lead not more than 3^ times the 
weight of powder ; ranges at 50, 100, and 150 yards ; ten shots at each 
range. 

String at 50 Yards. ‘tocher 

Jeffbies (weight, 81b. 4ioz. ; length, 28in. ; 138grs. powder and 
340grs. bullet, or proportion of 1 : 2*64 ; shot on Wednesday 


morning). — Right barrel, *52, 1*79, 1*10, *54, 1*17 ; left barrel, 

1*80, *16, 1*48, *69, 1*27; total, 10*52 inches 1*052 

Holland (weight, 91b. loz. ; length, 28in. ; 138grs. powder and 
435grs. bullet, or proportion of 1 : 3*17 ; recoil, 1011b. ; shot on 
Wednesday morning). — Right barrel, *86, 1*10, 1*25, 1*39, *74; 
left barrel, *98, 1*04, 2*00, *75, *82 total, 10*93 inches 1*093 
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Adams (weight, 91b. 9ioz. ; length, 28in. ; ISSgrs. powder and 
328grs. bullet, or proportion of 1:2*38; shot on Tuesday 
evening). — Right barrel, 99, 1*89, 1*66, 1*18, 1*68 ; left barrel, 

2*03, *83, *51, 2*04, 2*08; total, 14*89 inches 1*489 

Bland, No. 2 (weight, 91b. 5:Joz. ; length, 28in. ; 138grs. powder 
and 328grs. bullet, or proportion of 1 : 2*38 ; shot on 
Wednesday, at midday). — Right barrel, 2*36, 1*89, 1*42, 1*35, 

2*96; left barrel, 1*39, 1*37, 1*33, 2*25, 2*96; total, 19*28 

inches 1*928 

Bland, No. 1 (weight, 91b. 12oz. ; length, 28in. ; 138gr8. powder 
and 328grs. bullet, or proportion of 1 : 2*38 ; shot on Tuesday 
evening). — Right barrel, *83, 1*95, *83, 1*68, 1*31 ; left barrel, 

1*43, 3*09, 1*23, 3*67, 3*87 : total, 19*89 inches 1*989 

String at 100 Yards. 

Jeffries. — Right barrel, 1*14, *64, *88, 1*44, 1*40 ; left barrel, *77, 

1*47, *21, 1*49, *60 ; total, 10*04 inches 1004 

Holland. — Right barrel, 1*51, 1*28, *90, 2*70, 1*34 ; left barrel, 

0, *22, *85, 2*17, *67; total, 11*64 inches 1*164 

Bland, No. 2.— Right barrel, 7*54, 5*75, 2*03, 1*84, 2*69; left 

barrel, 5*18, 2*55, 1*23, 2*59, 2*65 ; total, 34*05 inches 3*405 

Adams. — Right Barrel, 4*53, 5*14, 1*82, 4*76, 2*78; left barrel, 

3*75, 5*10, 5*12, 1*69, 4*03; total, 38*72 inches 3*872 

Bland, No. 1.— Right barrel, 2*72, 3*40, 7*93. 7 04, 1*04; left 

barrel, 1*27, 3*38, 3*36, 9*62, 1*51 ; total, 41*27 inches 4*127 

String at 150 Yards. 

Adams. — Right barrel, 3*29, 2*69, 3*23, 1*98, 2*02 ; left barrel, 

2*78, 1*15, *89, 3*24, 2*73; total, 24 inches 2*400 

Holland. — Right barrel, 1*86, 2*49, 4*95, 2*48, 1*65 ; left barrel, 

2*97, 4*22, 3*04, 3*15, 2*19; total, 29 inches 2*900 

Jeffries. — Right barrel, 5*00, 6*55, *20, 2*94, 5*32; left barrel, 

4*87, 1*30, 4*46, 3*95, 6*65 ; total, 41*24 inches 4*124 

Bland, No. 1. — Right barrel, 4*5, 9*14, 2*90, 4*55, 2*65 : left barrel, 


11*43, 6*38, 

4*35, 4’38, 2*49 ; total, 52*77 inches 

5*277 

Bland, No. 2.- 

-Right barrel, 17*58, 

16-20, 8-99, 1-44, 6 36 ; left 

barrel, 6-84, I SO, 4-64, 17-34, 1-40 

; total, 82*09 inches 

8*209 


Order of Merit. 


General 

position. 

Position at 
respective ranges. 

2, 2, 2 

Makers. 

Holland 

Average of the 
three ranges. 

... 1*719 

2 

.... 1, 1. 3 

Jeffries 

... 2*060 

3 

.... 3, 4, 1 

Adams 

... 2*587 

4 

.... 5, 5, 4 

Bland, No. 1 ... 

... 3*797 

6 

.... 4, 3, 5 

Bland, No. 2 ... 

... 4*514 
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Class V. — *577-boke. 

Double Rifles, not exceeding 121b. in weight, and not more than 28in. 
in length ; powder not less than 6drs. ; lead not more than four times 
the weight of powder ; ranges 50, 100, and 150 yards ; ten shots at 


each range. 

String at 50 Yards. “^nches^ 

Adams, No. 1 (weight, 101b. lloz. ; length, 28m. ; 164grs. powder 
and 507grs. bullet, or proportion of 1 : 3*09 ; shot on Thursday 
morning). — Right barrel, *84, *87, 1*07, 1*40, *57 ; left barrel, 

•96, 1*39, *99, 1*26, 1*21 ; total, 10*56 inches 1*050 

Holland (weight, 111b. lOoz. ; length, 26in . ; 164grs. powder and 
598grs. buUet, or proportion of 1 : 3*63 ; recoil, 119 Jib. ; shot 
two rounds on Wednesday evening, the rest on Thursday 
morning), — Right barrel, *44, 1*20, 1*80, *19, 1*00 ; left barrel, 

1*29, 211, T79, *82, *64; total, 11*28 inches 1*128 

Adams, No. 2 (weight, 101b. 14oz. ; length, 28m. ; 164grs. powder 
and 507grs. bullet, or prox>ortion of 1 : 3*09 ; shot two rounds 
on Wednesday evening, the rest on Thursday morning, one in 
veiy high wind). — Right barrel, 1*21, 1*26, *53, *88, 1*68 ; left 

barrel, 1*45, 1*29, *58, 1*41, 1*71; total, 12 inches 1*200 

Bland, No. 2 (weight, 101b. 2oz. ; length, 27^in. ; 164grs. 
powder and 512grs. bullet, or proportion of 1 : 3*12; shot 
on Thursday morning). — Right barrel, 1*18, 1*25, 1*58, 1*68, 

2*84; left barrel, 1*29, 1*16, 1*37, 1*75, 1*84; total, 15*94 

inches 1*594 

Watson (weight, 91b. 12oz. ; length, 28in. ; 164grs. powder and 
501grs. biillet, or proportion of 1 : 3*05 ; shot on Wednesday 
at midday). — Right barrel, 2*05, 1*36, 2*70, 0, 3*64; left barrel, 

2*41, *94, 1*85, 2*59, 1*22; total, 18*76 inches 1*876 

Bland, No. 1 (weight, 101b. lOoz. ; length, 28in. ; 164grs. powder 
and 512grs. bullet, or proiwrtion of 1 :3*12; shot on Wednes- 
day at midday). — Right barrel, 1*57, 1*00, 2*53, 1*29, 4*98 ; left 
barrel, 1*61, 1*20, 1*63, 1*38, 3*39 ; total, 20*58 inches 2*058 

String at 100 Yards. 

Holland.— R ight barrel, 0, 1*39, 1*02, 3*01, 4*05 ; left barrel, 

1*98,2*70, 3*24, 2*61, *98; total, 20*98 inches 2*096 

Adams, No. 1. — Right barrel, *38, 2*23, 1*85, 3*54, 2*15; left 

barrel, 4*40, 1*41, 3*09, 4*43, 4*43; total, 27*91 inches 2*791 

Watson. — Right barrel, 2*09,3*50,1*42, 2*83, 5*67; left barrel, 

0, 3*50, 3*64, 4*34, 1*71 ; total, 28*70 inches 2*870 

Adams, No. 2.— Right barrel, 3*01, 1*05, 5*13, 4*85, 3*84; left 

barrel, 3*30, *23, 2*54, 5*00, 2*36 ; total, 31*31 inches 3*131 
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Bland, N’o. 1.— Right barrel, 5*85, 1*39, 2*08, 8*04, 1*79; left 

barrel, 3*39, 1*10, 2*81, 3*42, 8*19; total, 38*06 inches 3*806 

Bland, No. 2. — Bight barrel, 1*69, 9*03, 6*64, 3*15, 3*00; left 

barrel, 2*73, 1*96, 1*15, 5*70, 5*85; total, 40*92 inches 4*092 

String at 150 Yards. 

BiOLLAND. — ^Right barrel, 4*61, 1*74, 1*33, 3*46, 4*53 ; left barrel, 

2*95, *33, 1*94, *69, 2*60 ; total, 24*18 inches 2*418 

Adams, No. 2.— Right barrel, 2*36, 5*23, 1*75, 3*32, 4*55; left 

barrel, 2*37, 5*26, 2*80, 2*25,4*38; total, 34*27 inches 3*427 

Bland, No. 1. — Right barrel, 5*31, 5*24, 1*64, 5*30, 9*09; left 

barrel, 3*84, 4*43, 5*33, 2*16, 1*39; total, 43*73 inches 4*373 

Bland, No. 2.— Right barrel, *74, 3*85, *80, 2*96, 3*81; left 

barrel, 3*85, 6*60, 6*87, 3*73, 12*00 ; total, 45*21 inches 4*521 

Watson. — ^Right' barrel, 8*56, 0, *93, 6*67, 9*46; left barrel, 7*45, 

9*44, 2*73, *57, 4*67 ; total, 50*98 inches 5*098 

Adams, No. 1. — ^Right barrel, 3*59, 4*16, 9*05, 2*78, 7*15 ; left 

barrel, 4*71, 5*12, 5*08, 8*29, 8*81 ; total, 58*74 inches 5*874 


Obdeb op Mebit. 


General 

position. 

Position at 
respective ranges. 

Maker. 

Average of the 
three ranges. 

1 

2,1,1 


... 1*881 

2 

3,4,2 


... 2*586 

3 

1,2,6 

No. 1.. 

... 3*240 

4 

5,3,5 


... 3*281 

5 

4,6,4 


... 3*402 

6 

6,5,3 

No. 1 .. 

... 3*412 


In order to compare tlie results under the ^ string ^ calcula- 
tion with those made on the ^ squaring ^ principle, we append 
a table constructed on the latter plan. 

It will be seen that the ' squared ^ diagrams produce some 
little difference from the ^ strings,^ but the main positions 
are the same. For instance, the average of rook rifles on 
^the square^ would make Jeffries one place higher, while 
the relative positions of Bland^s rifles would be altered 
among the *500 bores. On the whole, however, the varia- 
tion is so slight as to show that one method is as good 
as the other.^^ 


c c 
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Having now received Major McClintock^s trajectories, we 
have great pleasure in coming to the conclusion that the 
reliability of the chronograph is completely confirmed by 
our experiments with the screens. With regard to these, 
some curious results are brought to our notice by our valued 
correspondent T., who has kindly examined them, and whose 
report we append. We insert the two series of curves as 
drawn by Major McClintock, which show at a glance how 
small is the variation between them. 

As a result of these experiments, we can now positively 
decide that an Express rifle must have a greater velocity than 
1600 feet, if it is desired to shoot ^^full and fine ” with the 
same sight up to 150 yards, as is the practice of most 
sportsmen. To do this with success, the ball must not rise 
and fall much more than two inches from the line of sight, or, 
in other words, the trajectory must not be more than 
4^ inches, or thereabouts, in 150 yards. A valuable and 
simple definition of the Express is thus obtained, for mere 
muzzle velocity is not suflficient. To exemplify this, we have 
only to examine the trajectory of Mr. Jeffries^ *500 bore, 
which, from its comparatively light bullet, had a very high 
muzzle velocity, and shot splendidly up to 100 yards, but 
fell off frightfully at 150 yards, and at that range would 
be practically useless. 

We may now take Messrs. Holland's diagrams as a 
standard for comparison, and our experience leads us to 
believe that they will not easily be beaten, or indeed 
equalled. To obtain such a standard was the main object 
of our trial. Up to this time sportsmen had no means of 
ascertaining whether or no they had the best rifles which 
could be made ; but they can now judge for themselves, with 
the aid of a competent shooter, if they are not themselves 
up to the mark. It is quite true that all may not desire 
a rifle to perform well beyond 100 yards ; but if it can 

c c 2 
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be got to do well at that distance^ and also at the 
longer range, surely no sportsman can be insensible to the 
advantage thus obtained. JefiEries^ 100 yards string beat, on 
the average, that of Messrs. HoUand^s by 1'16 inch ; but the 
latter at 150 yards averaged 2*9 inch against Jeffries^ 
4*9 inch. Of course, there is a certain amount of luck in 
making these diagrams, for Messrs. Adams^ ‘SOO-bore made 
a far better diagram at 150 yards than at 100, which can only 
be accounted for in this way. It is possible, therefore, that 
Jeffries^ 150 yards shoot may be thus explained ; but the 
lightness of his bullet would lead us to expect the result, and 
we believe it to be the true explanation. Numberless other 
points of great interest are brought out by the trial ; but we 
prefer leaving them to be dealt with more scientifically by our 
friend T. than we can pretend to do. 

With reference to the machine rest, its performance greatly 
exceeded in accuracy our anticipations, founded on the limited 
number of trials which we were able to give it. All that 
is required is to graduate the spring pressure to the charge 
used ; but this could only be done with certainty by 
experiment, and as we were prevented from resorting to this 
test by the fear of an injunction, we were compelled to 
abandon it. On comparing the diagrams made by it in 
ascertaining the trajectories of Messrs. Holland's rifle, it will 
be seen that there was little difference from those of Mr. 
Froome, in some cases being slightly better and in others 
worse, but those made by it with Messrs. Bland^s 450-bore 
were very superior to the shooting of their assistant. All 
that it wants to make it a complete substitute for the 
shoulder is a little practice, and, when this is carried out 
by Mr. Jones, we expect to, hear of its being very generally 
adopted by gunmakers in regulating their rifles — especially 
as there is no doubt about its eflBcacy in regard to shot guns 
and single rifles.^' 
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String Measurements of the Large-Bores. 

The following are the details of the trial of the large-bores 
at Nunhead : 

Class VI. — 12 -Bore. 

Double Rifles, not exceeding 14lb. in weight, nor more than 28 inches 
in length ; powder, not loss than 6drs. ; range, 50 yards. 

Average 
string in 


inches. 

Holland (weight, 131h. 8oz. ; length, 26iin; powder, 7drs. ; 
recoil, 1411b.)— -30, *32, *39, 2*60, 1*24, *29, *59, *79, 1*77, 177, 

1*63; total, 9-93 *993 

Bland (weight, 111b. 8oz. ; length, 28in. ; powder, 6drs. ; recoil, 
1321b.)— 4-08, 5*01, 3*51, 3*96, 2*18, 1*77,2*61, 1*02, 1-44, 1*04; 
total, 26*62 inches 2*662 


Class X. — Eo, 12 Smooth-Bore.. 

Double Gun, not exceeding 81b. in weight, nor more than 30 
inches in length ; powder, not less than 4dr8. ; range 50 yards. 

Holland (weight, 71b. 8oz. ; length, 28in. ; powder, 4dr8. ; recoil 
811b.)— *32, 6*98, 3*72, 4*48, 3*07, 4*75, 2*88, 3*83, 3*85, 2*77; 

total, 36*65 inches 3*665 

Messrs. Bland absent. 

Class VII. — 10 -Bore. 

Double Rifles, not exceeding 161b. in weight, nor more than 26 
inches in length ; powder, not less than 8drs. ; range 50 yards. 

Hollaed (weight, 121b. ; length, 26in. ; powder, Sdrs. 5grs. ; 
recoil, 1631b.)— *30, *40, *23, 0, 1*83, 1*55, 1*81, 1*76, 1*14, 

1*90 ; total, 10*92 inches 1*092 

Bland (weight, 121b. 8oz. ; length, 26 Jin. ; powder, 8drs. ; recoil, 
1621b.)— *67, 4*15, 2*32, *33, 1*40, *65, 2*36, 3*57, *77, 2*21; 
total, 18*43 inches 1*843 


Class VIII. — 8-Bore. 

Double Rifles, not exceeding 181b. in weight, nor more than 26 
inches in length ; jiowder, not less than lOdrs. ; range 50 yards. 

Holland (weight, 171b. 8oz. ,* length, 26in. ; powder, lOdrs ; 
recoil, 1851b.)— 1*84, 2*79, *29, 0, 1*63, 2*45, 1*45, 1*64, 1*71, 

*72 ; total, 14*52 inches 1*452 

Bland (weight, 171b. ; length, 26in. ; powder, lOdrs., in Kynoch’s 
brass cases; recoil, over 20(>lb., the extent of the spring 
balance in the machine). — 2*05, 3*22, *55, 2*70, 4*67, 3*01, 3*00, 
3*82,2*59,3*02; total, 28*63 inches 2*863 
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Class IX. — 4 -Bore. 

Double Bifles, not exceeding 241b. in weight, nor more than 24 
inches in length ; powder, not less than 12drs. ; range, 50 yards. 

Holland (weight, 231b. 8oz.; length, 24in.; powder, 12drs.; 
recoil could not be taken, owing to want of strength in the 
spring balance of the machine, which is the largest made by 
Salter).— *40, *40, *31, *66, *40, *45, 155, *73, 1*11, 1*81; total, 

7*82 inches *782 

Messrs. Bland absent. 



“SQUARED” DIAGRAMS OF LARGE-BORES. 
12-Bore Rifle. 

Holland, 3-4 x 3-4 = II M | Bland, 5 2 x 8-8 = 45-76 
12 Smooth-Bore. 

Holland, 7*6 x 11-2 = 85*12 

10-Bore Rifle. 

Holland, 2-7 x 3-8 = 10-26 | Bland, 4 6 x 6 8 = 31-28 
8-Bore Rifle. 

Holland, 4*2 x 5*0 = 21*00 | Bland, 6*8 x 7*0 = 47*60 

4-Boee Rifle. 

Holland, 1*8 x 3*5:= 6*30 
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Notes on the Teajectoeies op Eifles at '^The Field” 
Trial at Putney. 

The trial of rifles recently carried out by the Editor of the 
Field having interested me considerably, I have with pleasure 
accepted his invitation to make a few remarks on the ascer- 
tained results with respect to the trajectories of the rifles. 
But, before proceeding to the trajectories themselves, it may 
be desirable to give some description of the method by which 
they were obtained. 

A range of 150 yards in length was terminated by a high 
fence of deal boards, and in grooves upon the smooth surface 
was slid a piece of thick cardboard, 3ft. square, in the centre 
of which was printed a black bullseye of Sin. diameter. This 
formed the target. At intervals of 25 yards each were 
erected frames to hold the paper screens through which the 
bullets were to be fired, and which would show the height of 
the respective projectiles at the distances of 25, 50, 75, 100, 
and 125 yards, while an additional target was interpolated at 
80 yards. This was assumed as about the culminating point 
of the trajectory, as for several yards the differences are so 
minute as to be practically non-existent, for recourse must be 
had to thousandths of an inch to show which is the very 
highest point. It is therefore not very material whether a 
yard or two under or over 80 yards be taken, although with 
light bullets and high velocities the extreme point would be 
somewhat over j and for heavy bullets of low'er speed it would 
be rather under that distance. This screen was interpolated 
for the purpose of ascertaining whether there was any notice- 
able increase of ascent from mid-range to the point at which 
the bullet would begin to drop towards the 100 yards screen. 

The framework of these screens, besides the supports fixed 
in the ground, consisted of two square 3ft. frames, one of 
which was crossed at right angles by two tightly-strained 
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wires, so as to form a St. George’s cross, and on the other 
was stretched a sheet of stout paper. The horizontal wires 
of the six screens were, by means of a dumpy level, ranged 
exactly even with the middle of the black bullseye on the 
target, and the centre of the muzzle of the rifle, placed in the 
machine rest, was made level with the horizontal wires of the 
screens. When the accuracy of the bearing of the rifle upon 
the target had been ascertained, the paper-covered frame was 
put in position, and the second, or wired frame, working upon 
a hinge, was, after the wires had been painted, raised so as to 
stand upright against the paper. The pressure of the wires 
against the paper printed on it a black cross-bar, , after 
which the wired frame was let down level with the ground in 
order that the wires might not be cut by the bullets. Six 
shots from one rifle having been fired, the perforated sheets 
of paper and the cardboard target were removed for measure- 
ment, new sheets of paper and cardboard being substituted 
for the next rifle. The necessity for the precautionary 
removal of the wired frame was shown towards the end of the 
trials, as the wind became so strong on Thursday that the 
wrires had to be put up as the only way of keeping the paper 
screens in position ; but eventually a bullet cut the wires and 
stopped further progress — fortunately, however, when the 
trajectory of only one shot remained to be taken. 

In measuring the height of the trajectory at the various 
ranges, it is obvious that it would not do merely to give the 
height of the bullet holes in the paper screens, because the 
bullets do not all strike the targets at the same level, and the 
bullet-hole represents the height of the trajectory plies or 
minus any fluctuations arising from difference in jump of 
rifle on being fired, or from variation in weight of powder or 
bullet, or any other disturbing cause. Thus the height of the 
trajectory itself might in each case be only three or four 
nches, whereas some bullet-holes would be almost on or near 
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the horizontal black line, and others might be a foot above or 
below. Consequently, a straight line had to be taken from 
the muzzle of the rifle to the centre of each bullet-hole on the 
target, thus cutting off all the adventitious variation, and 
leaving only the actual trajectory for measurement. Two 
modes of effecting this were adopted, the whole of the 
screens being measured by both methods, so that the one 
served as a check to the other, and any discrepancies between 
the two caused a repetition of measurement, so as to 
determine which was the more accurate. 

The first measurement was by fastening down on the floor 
of a long room the cardboard target and six paper screens, 
forming the series of trajectory records of one rifle. A piece 
of strong twine, strained tight, was pegged down from one 
end of the room to the other ; under this was laid the paper 
screens and target, so that the black horizontal lines on the 
screens ranged immediately under the cord, which also cut 
the bullseye on the target exactly in the centre. The black 
vertical lines on the paper screens were placed at a measured 
distance of 5ft. apart, instead of 25 yards, and consequently 
the 80ft. screen was only one foot from the 75ft. screen, so as 
to be in accordance with the same scale. The sheets and card- 
board having been tacked down to the floor, a second cord 
was tightly stretched from one point representing the muzzle 
of the rifle, to the bullet-hole on the cardboard target 30ft. 
distant; and from this cord the measurement was made to 
the position of the bullet on each screen — the level of the 
bullet being marked by means of a square on the vertical 
black line of each sheet, so as to make that the actual point 
of measurement. This was done in order to avoid the error 
which otherwise would arise from the screens being changed 
from a vertical plane, as they stood in the range, to a 
horizontal plane, as they lay on the floor; for two bullet- 
holes in the same sheet would be equally distant from the 
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rifle as it stood in the range, but they would not be equally 
distant from the wall (or supposed position of the rifle) when 
thd sheet was nailed down flat on the floor. 

Having been furnished with the figures thus obtained, I 
checked them by another process, which, although it has not 
the advantage of giving a graphic curve or bird^s-eye view of 
the trajectory, as seen by the method just alluded to, has 
advantages of another kind, inasmuch as it enables each sheet 
to be taken up separately, and all the measurements on it to 
be completed at once ; while any sheet can at all times be laid 
on the table again and re-measured without trouble, should 
apparent divergences in the figures lead to a doubt as to their 
accuracy. This method is as follows : A sheet of paper having 
been ruled into the requisite number of columns for the screens 
and target, the first screen is laid on the table and the 
measurement taken from the centre of each bullet-hole to the 
horizontal black line printed by the wire ; the entries for the 
six shots having been made in one column, the next screen is 
taken, and the results entered in the second column ; and so 
on until the target is reached, when the measurements are made 
from a line drawn through the centre of the bullseye. The 
series of measurements being thus completed, the adventitious 
variation previously alluded to has to be cut off ; and in this 
case it is done by arithmetic, instead of by a cord. Sup- 
posing No. 1 bullet is Gin. above the line on the target (150 
yards), it would be a proportionate part of Gin. at all shorter 
distances, viz., lin. at 25 yards, 2in, at 60 yards, and so on ; 
if the number is a fractional one, it will have to be divided 
by 6 in a similar way to get the result for every 25 yards. 
By this means, the deductions from the whole series can be 
made in a few minutes, with a similar result to that obtained 
by the process previously alluded to. Of course, it is desir- 
able to allow several lines of space in writing the entries, so 
as to give room for making these deductions. 
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I have entered rather fully into detail on these points in 
order to show not only the course adopted, hut that, where 
they may seem curious divergences of result, they are not 
likely to arise from carelessness in measurement. It is not 
improbable that those which most conflict may have been 
closely examined and measured half a dozen times over, with 
a view to account for apparent discrepances. I will not say^ 
however, that at the first screen (25 yards) the measurement 
is absolutely to be relied on in all cases, for the paper is in 
some instances so cut about by the bullets being placed one 
upon another, that it is almost impossible to say where the 
measurement ought to begin for every bullet. Fortunately, 
however, a slight error at 25 yards is of little import. 
For practical purposes, too, I do not think very minute 
measurements essential. If a sportsman finds the tra- 
jectory of his rifle accurate to within the tenth part of an 
inch, he is not likely to trouble himself about smaller fractions ; 
and the representation of hundredths of an inch are rather 
confusing to the eye, so that I propose only to resort to them 
when I have a particular purpose to illustrate ; and accord- 
ingly, although I have made the measurements as accurately 
as I could do to hundredths, I shall, as a rule, give the figures 
only to the nearest tenth. 

Taking the rifles as they were tried, the smallest bores first, 
we begin with — 

Trajectory of Messrs. Holland’s *400 Bore. 



2ri j'dB. 

50 yds. 

75 yds. 

80 yds. 

100 yds. 

125 yds. 

150 yds. 

Ist Shot . . . 

1-6 .. 

. 30 .. 

4-2 .. 

4*3 .. 

. 3-2 . 

. 2-2 .. 

0 

2nd 

2*0 .. 

. 3-2 .. 

4*5 .. 

4-6 .. 

. 3-4 . 

. 2*4 .. 

0 

Srd „ 

1*7 .. 

. 31 

4*3 .. 

. 4-4 .. 

. 3-2 . 

. 2-2 .. 

0 

4th 

1-9 .. 

. 3-2 .. 

4-4 .. 

4-5 .. 

. 3-3 . 

. 2-3 .. 

0 

5th „ ... 

1-6 .. 

. 3T .. 

4-4 .. 

. 4-5 .. 

. 3*3 . 

. 2-3 .. 

. 0 

6th „ ... 

1*8 .. 

. 31 .. 

. 4*3 .. 

, 4-4 .. 

. 3*3 . 

. 2*3 .. 

. 0 

Average. . 

T 77 

“312 

Tii 

T45 

"¥28 




There is not very much to remark on this series of 
trajectories, Except that the first shot seems to have had 
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greater velocity than the rest^ its height being less than the 
others throughout the range ; whereas the second shot is 
higher throughout, which apparently must have resulted from 
its being below the average in speed. The remaining shots 
do not vary greatly as compared with one another. 

The most remarkable of the whole series of trajectories is 
that next given ; and in this case, in order to show the 
marvellous uniformity of result obtained, I shall give the 
figures to hundredths of an inch. 

Tkajbctoet of Messrs. Holland’s *450 Bore. 




25 yds. 

60 yds. 

75 yds. 

80 yds. 

100 yds. 

125 yds. 

150 yds. 

let Shot .. 

2 06 . 

. 3-38 . 

. 4*65 . 

. 4*68 . 

. 3-50 .. 

. 2*40 

.. 0 

2nd 

9t 

201 . 

. 3*29 . 

. 4*65 . 

. 4*66 . 

. 3*52 .. 

. 2*46 

.. 0 

3rd 

ft 

2 05 . 

. 3-30 . 

. 4*65 . 

. 4*66 . 

.. 3*55 .. 

. 2*44 

.. 0 

4th 

9f •• 

2*02 . 

. 3-31 . 

. 4*65 . 

. 4*68 . 

. 3-55 .. 

. 2*46 . 

.. 0 

5th 

J» • • 

, 2 03 .. 

. 3*32 . 

. 4*65 . 

. 4*67 ., 

.. 3*57 .. 

. 2*47 . 

.. 0 

6th 

ft 

. 2*04 . 

. 3*38 . 

. 4*67 . 

,. 4*71 . 

.. 3-61 .. 

. 2*46 . 

.. 0 

Average. 

.1^ 

TE 

TE 


TEE 

¥45 



If the hundredths were removed, and only the inches and 
tenths given, there would scarcely be any variation through- 
out the whole series. This indicates, to my mind, not only 
great truth in the rifle, but a remarkable degree of accuracy 
in the weight and the loading of the charges. Had these 
measurements been taken off successively by a pair of 
compasses, it might not unnaturally be supposed that, the 
distances being very much alike, the compasses were never 
shifted. In fact, however, they were all separate measure- 
ments of bullets at different heights on the target, and pro- 
portionate allowances had to be made for every screen, as 
previously described. The following examples, from the 75 
yards screen, will show the actual measurement, and the 
proportionate allowance in each case, as well as the height of 
trajectory remaining when the deduction has been made : 


Shot 1. 

Shot 2. 

Shot 3. 

Shot 4. 

Shot 5 . 

Shot 6. 

7*65 ... 

... 7*45 ... 

... 7.60 ... 

... 6*25 ... 

... 6*80 

.... 6*35 

3*00 ... 

... 2*80 ... 

... 2*85 ... 

... 1*60 ... 

... 215 ... 

... 1-68 

TE 

TE 

4 ^ 

Tii 

TE ' 

"^67 
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These bullets struck the target (150 yards) at the respective 
heights of 6in., 5'6iii., 5‘7in., 3'2in., 4*3in.^ and 3*36in. above 
the centre of the bullseye, and the allowances for half the 
distance^ or 75 yards, is therefore one-half of these respective 
heights. 

The next rifle, of the same bore as the last, would need no 
hundredths of an inch to demonstrate the amount of variation ; 
but I give them as affording a better means of comparison in 
some remarks which I wish to make. 

Tbajectory of Messbs. Bland’s ‘450-bobe. 


25 yds. 

50 yds. 

75 yds. 

80 yds. 

100 yds. 

125 yds. 

150 yds. 

Ist Shot ... 1-78 . 

.. 2*95 . 

.. 4*20 . 

.. 4*52 . 

.. 2*80 .. 

. 2*00 . 

.. 0 

2nd „ ... 200 . 

., 3*10 . 

.. 4*17 . 

.. 4*40 

.. 2*95 .. 

. 2*19 . 

.. 0 

3rd „ ... 204 . 

.. 3*28 . 

.. 4*17 . 

.. 4*43 

.. 3*28 .. 

. 2*45 . 

.. 0 

4th „ ... 2-16 . 

.. 3*37 . 

.. 4*24 . 

.. 4*60 . 

.. 3*23 .. 

. 2*44 . 

.. 0 

5th 1*73 . 

.. 2*92 . 

., 4*16 . 

.. 4*32 . 

.. 3*08 .. 

. 2*16 . 

.. 0 

Average. . 1*94 

3*12 

4*19 

4*45 

3*06 

2*26 



Here the trajectories of five shots only are given, the sixth 
being off the card at 150 yards, and consequently the height 
could not be estimated at intermediate distances. It will be 
observed that the average height at all the screens is less 
than with HoUand^s rifle, which indicates a higher velocity in 
the bullet ; but, although there is a fair amount of regularity 
at some screens, there are considerable divergences from 
screen to screen, and the variations between 75 and 80 seem 
to show great vagaries on the part of the bullets. In 
Holland's trajectories it will be seen that in these five yards 
(75 to 80) the rise was only about three or four hundredths 
of an inch, which is so close to the theoretic difference as to 
indicate that the bullets must have spun with great steadiness 
during their flight. In Bland^s, on the contrary, the difference 
in the same five yards was nearly ten times as great ; and 
there are strong indications in certain cases that the bullet 
was not revolving truly on its axis; but probably had a 
wabbling or corkscrew-like motion, the point rising and 
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dipping from screen to screen. Thus^ taking the foartH and 
fifth shots^ there are only *09 of an inch difference between 
the height of the two bullets at 75 yards, but the difference 
at the end of another five yards is *28 ; at 100 yards the 
difference is reduced to *15, but at 125 yards rises to *28 again. 

The differences were so erratic that I imagined at first that 
the bullet-holes must have been wrongly numbered, and I 
accordingly traced each bullet carefully from screen to screen, 
and the result was to show that certain bullets, after getting 
beyond the culminating point of the range, and beginning to 
drop, rose again to the next screen. This, I thought, must be 
an impossibility, so I measured and re-measured, compared 
and re-compared, but could find no inaccuracy in the measure- 
ment nor any wrong numbering of the bullet-mark. Then I 
thought the screens might be affected by the wind, the sheet 
of paper being possibly blown to and fro, and so made to belly 
like a sail, and thus effect a variation ; but this would not 
meet the case, as Holland's and Bland^s rifles were both tried 
on Tuesday, under similar conditions, there being little or no 
wind. 

Mere differences in height throughout the range, if regular, 
would indicate difference of velocity, but these fluctuations 
appear to show irregularity of motion in the bullet. This 
might arise from the rifle having too slow a twist, and the 
velocity not being sufficient to give the rapidity of rotation 
requisite to keep the bullet point foremost ; or it might arise 
from the loading of the cartridge not been carried out with 
sufficient care, for if a short bullet bo not accurately seated in 
the shell, it is not likely to come out at the muzzle with its 
point exactly in the centre of the bore, and, instead of rotating 
with a steady motion, the point will gyrate in a corkscrew 
fashion, and move up and down as well as deviate to the right 
and left. That such was the case in some of these instances 
appears to me to be clear from examination of the screens. 



Tracing tlie respective ballet-marks from screen to scrt^eDj 
noticed that whereas, generally speaking, the divergences of 
the bullets from the upright black line made by the vertical 
wire were pretty regular — so that, if you found two bullets at 
say lin. and l^in. from this line at one distance, they would 
each be about double as far away from the line at double the 
distance, and so on — yet in certain cases this regularity was 
not maintained. Thus, two bullets were several inches apart 
as to height, but about equally distant from the vertical line, 
except that they zigzagged about, sometimes one of them 
being nearest to the line and sometimes the other, as will be 
seen by the following figures : 

Distance from Vertical Line on Screens. 


At 50 yds. 

75 yds. 

80 yds. 

100 yds. 

125 yds. 

150 yds. 

Bullet 1 

2-5 

... 3*6 

... 41 . 

.. 5*5 .. 

. 7-9 .. 

. 9*0 

3 

2-4 

... 3-8 

... 40 

.. 5*6 .. 

. 7-2 .. 

. 8-0 

In another 

case. 

a group 

of three bullets formed 

an equi' 


lateral triangle on one of the screens, but on the next screen 
the apex of the triangle was a good deal to the right, and on 
the third it was rather to the left ; and the divergence of one 
of the three bullets was so much greater than the others that 
it did not strike the target-card at all at 150 yards. 

If, then, certain bullets rotated irregularly from side to 
side, they would move in a similar fashion up and do^vn, but 
such differences are not so obvious, as they are masked by the 
changes that are produced in the height of the bullet by 
gravitation ; and when the trajectories are given in figures, as 
in the foregoing tables, certain differences may be observed, 
but the cause of them is by no means apparent. Thus, taking 
shots 2 and 3 in the table of Bland’s trajectory, it will be seen 
that, although both are of exactly the same height at 75 
yards, shot 3 is the higher of the two both before and after ; 
and that although shot 1 is highest at 75 and 80 yards, it is 
below the others at 50, 100, and 125 yards. It is much 



400 the modern sportsmans gun and rifle . 


clearer, however, when the actual heights on the targets are 
shown, as in the following instance from shot 1 : 


Distances above the Horizontal Line on Screens. 



At 50 yds. 

75 yds. 

80 yds. 

100 yds. 

125 yds. 

150 yds. 

1st Shot . 

5*75 .. 

8*40 

.. 9-00 

.. 8-40 .. 

. 9 00 . 

.. 8*40 

2nd „ . 

.... 5*22 .. 

7-36 . 

.. 7-80 

.. 7*20 .. 

. 7*50 

.. 6*38 

3rd „ 

.... 6*20 ., 

7*05 . 

., 7*50 

.. 712 .. 

. 7*25 . 

.. 5*75 

4th „ 

4-75 .. 

. 6*30 . 

.. 6*80 

.. 5*98 .. 

. 5*88 . 

.. 412 

6th „ 

275 ... 

. 3-90 . 

.. 4*05 

.. 2*75 .. 

. 1*75 . 

.. 0-50 


Here it will be seen that there is always a rise up to 80 
yards, and the fluctuations are not apparent, but after the 
bullet has got beyond 80 yards, it drops, in the case of shot 1, 
from 9*00 to 8*40, then rises to 9*00 again, and then drops 
once more to 8*40. In shots 2 and 3 similar divergences 
occur, but on a smaller scale. The rest of the bullets drop 
throughout from 80 yards, in the regular way, though not in 
equal proportion. 

All such divergences must necessarily tell most at long 
ranges, and it is not surprising that, although Messrs. Bland 
did very well at 50 yards, they fell off at 100, and were 
nowhere at 150 yards. Whether the fault was in the rifle or 
the cartridge I cannot say for certain, but my impression is 
that the cartridges were less carefully loaded than those of their 
competitor ; and, with a lighter bullet and higher velocity, the 
result was much more obvious at long than at short ranges.* 

The next on the list is the •500-bore, of which it will suffice 
to give the differences in tenths of an inch : 


Trajectory of Messrs. Holland’s '500-Bore. 


1st Shot . 

At 25 yds. 

50 yds. 

75 yds. 

80 yds. 

100 yds. 

125 yds. 

150 yds. 

.. 20 .. 

3-4 .. 

4*7 ... 

4*8 .. 

3*6 ... 

2*5 .. 

. 0 

2nd 

.. 2*2 .. 

3*5 „ 

4*9 ... 

50 .. 

3*9 ... 

2-6 .. 

. 0 

3rd 

21 .. 

3-3 .. 

4'4 ... 

4-5 .. 

3*4 ... 

21 .. 

. 0 

4th 

2*1 .. 

3-4 .. 

4'7 ... 

4*8 .. 

3*5 ... 

2.4 .. 

. 0 

5th 

2'2 .. 

3-5 .. 

4*8 ... 

4*9 .. 

, 3'7 ... 

2*6 .. 

. 0 

6th 

21 .. 

3-5 .. 

4*8 ... 

4*9 .. 

3'7 ... 

2-6 .. 

. 0 

Average. 

. 212 

3-43 

4'72 

4*82 

3*63 

2-47 



* AH the cartridges used in the trial, except those of Messrs. Holland, were 
loaded by Eley. — Ed. 
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This rifle, although performing very well on the whole, was 
not nearly so regular as the *450-bore of the same maker. 
The differences in the height of the trajectory— in the second 
and third shots, for example — indicate a considerable 
difference in velocity ; and the variations in other respects 
appear to show that there was some of the wabbling motion 
so apparent in the rifle just alluded to, though in very much 
less degree. Comparing the screens, I find the following to 
be the relative distances of two shots from the vertical line, 
at the ranges stated : 



At SOyds. 

75yds. 

80yds. 

lOOyds. 

125yds. 

150yds. 

Shot 1 . 

1*0 .. 

1*5 . 

.. 1*6 . 

.. 1*4 . 

.. T6 .. 

.. 2*1 

Shot 5 . 

0*7 .. 

. T4 , 

.. 1*6 . 

.. 1*7 . 

.. 2*0 .. 

.. 2*9 


It is clear that these two shots, which were nearly one over 
the other on the same screens, could not be rotating with 
equal regularity ; for one moves inwards towards the line 
between 80 and 100 yards, and outwards between 100 
and 125. 

The •577-bore was the last of the batch, and this series 
comprises only five shots, as, owing to the strength of the 
wind on the last day, the wired frames, as already stated, had 
to be put up to keep the sheets in position, and one was 
damaged by the last bullet fired. Whether the wind had 
detrimental effect on the trajectory results I cannot say with 
certainty, but think it very probable. At any rate, there are 
differences not found in any of the other records, as may 
be observed by comparing the following figures : 

Trajectory of Messrs. Holland’s *577-bore. 



At 25yds. 

SOyds. 

75yds. 

80yds. 

lOOyds. 

125yd8. 

150ydB. 

1st Shot.... 

. 1-7 . 

. 3*7 . 

. 5*0 ... 

4*8 

.. 3*8 

.. 2*9 . 

. 0 

2nd „ .... 

. 2*0 . 

. 3*5 . 

. 4*7 ... 

4*8 

,. 3*7 

.. 2*5 . 

. 0 

3rd 

. 2*2 . 

. 3*5 . 

. 5*0 ... 

5*2 

.. 4*0 

.. 2*8 . 

. 0 

4th „ 

. 20 . 

. 3*5 . 

. 5*0 ... 

5-0 

.. 3-7 

.. 2-7 . 

. 0 

5th „ 

1-7 . 

. 3*0 . 

. 4*5 ... 

4*4 

.. 3-4 

.. 2-5 . 

. 0 

Average.. 

.. 1-92. 

.. 3-44. 

.. 4*84,., 

. 4*84 

... 3-72 

... 268 



D D 
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Here, in the column for 80 yards, it will be seen that in 
two instances the height of the trajectory is less than at 
75 yards, and in one instance the height is the same in both. 
With bullets flying truly, if there were no movement in the 
screen, this would be impossible ; and in the case of shot 
1, where the height at 80 yards appears to be two-tenths 
of an inch less than that of 75 yards, I find on the screens 
no indication of irregularity of flight. In shot 5, however, 
there is a little irregularity. My impression, however, is that 
these differences are produced by the effect of the wind on the 
screens; and as it blew up the range from the target, the 
paper of the screen at 80 yards might be bellied forward, 
whereas that at 75 yards, being sheltered by the close 
proximity of the other screen, was not similarly effected, and 
a difference of a quarter of an inch or so, might easily be thus 
produced. 

Since working out the above results, I have seen Major 
McClintock^s figures giving the trajectories as ascertained 
by him from trials with the chronograph, and I find that the 
heights indicated on the screens are generally about half an 
inch greater than those calculated from the chronograph 
times. It seems to me very probable that this increased 
height may be due to the fact that in the former case the 
projectiles had to pass through a succession of screens of stout 
cartridge-paper before reaching the target, and that, as the 
bullet would not be moving at right angles to the screens, 
it would during its ascent, receive a slight cant upwards 
at every contact. We know that the touch of a very 
small twig will turn the course of a bullet to some extent, 
and a hairsbreadth at one screen amounts to something more 
considerable by the time the bullet gets to the next screen, 
where the process is repeated. This might, I think, easily 
produce a difference of half an inch in the height of the 
bullet about mid range. Such appears to me to be highly 
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probable, for I noticed an apparently similar effect produced 
in the way of lateral deviation. In cases where bullets 
struck exactly on the upright black line, they kept on the 
line for several successive screens, and never got far 
away from it j but if they struck wide, they went away 
towards the sides more rapidly at times than the mere 
divergence alone seemed to warrant. This lateral deviation 
would go on increasing throughout the whole 150 yards, for 
the course of the bullet would not be changed at mid- 
distance by the drop. I consider this explanation the more 
likely, because at the first screen, where there can have been 
no defiection from such a cause, the height is usually less as 
taken from the screens than as calculated from the chrono- 
graph ; and the fact of its thus being less is due, I think, to 
the allowance made (either by cutting off by a cord, or by 
arithmetical deduction, as. explained at the beginning) being 
larger, owing to the increased rise, than it would have been 
had there been no deflection caused by contact with the 
paper. 

In conclusion, I may say that the barometrical variations, 
and the differences of dry and wet bulb thermometers during 
the trial were so small, that no appreciable difference 
could result in so short a range as 150 yards. T. 


Tables op Trajectories, Times, &c. 

<Oalcnlated by Major W. McClintock, B.A., Aasist. Supt., Boyal Small Arms 
Factory, Enfield Lock.) 

The heights of trajectory, &c., given vi the following tables 
have been calculated from the mean muzzle velocity, obtained 
by firing five rounds from each rifle, and from the mean 
weights of the bullets, found by breaking up and weighing 
three rounds of each sample of ammunition. 

The diagrams of the curves are drawn with the heights on 

D n 2 
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Here, in the column for 80 yards, it will be seen that in 
two instances the hei^ylit of the trajectory is less thsiii at 
75 yards, and in one instance the height is the same in l)oth. 
With bullets Hying truly, if there wen* no nujveineut in tht* 
screen, this would be iinjiossible ; and in tlie case of shot 
1, where the height at 80 }^ards appears to be two-tent lis 
of an inch less than that of 75 yards, I find on the scrotuis 
no indication of irregularity of flight. In sliot 5, howt‘vor, 
there is a little irregularity. My ini})r(*ssion, hc»wever, is that 
these differences are produced by the tdfect of tlu* wind t»n the 
screens; and as it blew uj) the range from tlie target, ilu* 
paper of the screen at 80 yards might be bellieil forward, 
whereas that at 75 yards, being sht‘lter(*d by the close 
proximity of the other screen, was iK»t similarly c‘ilected, and 
a difference of a quarter (»f an inch or so, might easih’ bo thus 
produced. 

Since working out the above results, I have seen Major 
McClintock^s figures giving the trajectories as ascertained 
by him from trials with the clirormgrapli, and I find that the 
heights indicated on tlie screens are generally about half an 
inch greater than those calculated from the chronograph 
times. It seems to me very ])iv»l>able tliat this increased 
height may be due to the fact that in the former case the 
projectiles had to pass through a succession of screens of stoQt 
cartridge-paper before reaching tlie target, and that, as the 
bullet Avould not be moving at right angles to the screens^ 
it would during its ascent, receive a slight cant upww(^ 
at every contact. We know that the touch of a vai^! 
small twig will turn the course <if a bullet to some extendi 
and a hairsbreadth at one screen amounts to something mort 
considerable by the time the liullet gets to the next BCreeSi 
where the process is re])eated. Tins might, I think, easily 
produce a diflerence of half an iiicli in the height of the 
bullet about mid range. Such ajipears to me to be highly 
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probable, for I noticed an apparently similar effect produced 
in the way of lateral deviation. In cases where bullets 
struck exactly on the upright black line, they kept on the 
line for several successive screens, and never got far 
away from it ; but if they struck wide, they went away 
towards the sides more rapidly at times than the mere 
divergence alone seemed to warrant. This lateral deviation 
would go on increasing throughout the whole 160 yards, for 
the course of the bullet would not be changed at mid- 
distance by the drojD. I consider this explanation the more 
likely, because at the first screen, where there can have been 
no deflection from such a cause, the height is usually less as 
taken from the screens than as calculated from the chrono- 
graph ; and the fact of its thus being less is due, I think, to 
the allowance made (either by cutting off by a cord, or by 
arithmetical deduction, as explained at the beginning) being 
larger, owing to the increased rise, than it would have been 
had there been no deflection caused by contact with the 
paper. 

In conclusion, I may say that the barometrical variations, 
and the differences of dry and wet bulb thermometers during 
the trial were so small, that no appreciable difference 
could result in so short a range as 150 yards/’ T. 
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a scale of 2in. to the foot, and the range on the scale of 2in. 
to 20 yards. 

Velocities. 


Nature of Rifle. 

No. of 

! Char^re. 

Muzzle 

Mean 

Muzzle 

Velocity. 

Rounds. 

1 Powder. 

Bullet. 

Velocity. 



j Grains. 

Grains. 

f.B. 

f.B. 

*400" double Express, by 

1 

i 82 

209 

1870 


Messrs. Holland and 

2 

a 


1881 


Holland, weight $lb. 

3 

9i 

M ! 

1866 


14oz., length of barrel 1 

4 

»> 

1 

1861 


26in. 1 

5 

» 

1 

” 1 

1890 

1873*6 

I 

*450" double Express, by | 

■ 1 

0 

110 

322 

1785 

1739 

1788 

1804 

1764 


Messrs. Holland and 

Q 

if 

” 1 


Holland, weight 81b. 4oz., 

O 

4 

5 

39 

99 \ 


length of barrel 26in. .• 

99 

99 

” i 

99 1 

1777 

*500" double Express, by 

1 

2 

138 


1786 

1773 

1784 

1784 

1793 


Messrs. Holland and 

Q 

99 

»» 


Holland, weight 91b. loz.. 

U 

4 

5 

99 

99 


length of barrel 28in. 

99 

99 

99 

99 

1784 

*500" double Express, by 

1 

2 

138 

342 

1949 
1961 
1934 
1936 

1950 


Mr. Jeffries, weight 

Q 

99 

99 


81b. 4Joz., length of 

ij 

99 

99 


barrel 28in. 

5 

99 

99 

99 

99 

1946 

*577" double Express, by 
Messrs. Holland and 

1 

164 

591 ’ 

1670 

! 

2 

99 

99 

1655 


Holland, weight 111b. 

3 

99 

99 

1676 


lOoz., length of barrel. 

4 

99 

99 

1657 


26in. 

5 

99 

99 

1659 

1663*4 


Messrs. Holland’s •400" Double Express Rifle. 


Ran^e. 

Velocity. 

Striking 

Energy. 

Time of 
Flight. 

Height of ' 

For 150 Yards. 

rrajectoiy. 

For 100 Yards. 

Yards. 

f.B. 

ft.-lb. 

Seconds. 

Inches. 

Inches. 

At Muzzle. 

1874 

1628 

0 

0 

0 

25 

1772 

1455 

0*04134 

19696 

1*10376 

50 

1675 

1300 

0*08472 

3-3060 

1*5516 

75 

1581 

1159 

0*1311 

3-9396 

1*2252 

100 

1492 

1032 

0*1795 

3-7164 

0 

125 

1406 

916*0 

0*2315 

2-4684 


150 

1326 

814*9 

0*2867 

0 

. . . 


I a. I \jjL-x V I f 1 V | ... 

Highest point of trajectory 3*9720 1*5552 
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Messbs. Holland’s -450" Double Express Rifle. 


Range. 

Velocity. 

striking 

Energy. 

Time of 
Flight. 

Height of Trajectory. 

For 150 Yards. 

For 100 Yards. 

Yards. 

f.B. 


Seconds. 

1 Inches. 

Inches. 

At Muzzle. 

1776 

2254 

0 

0 

0 

25 

1696 

2055 

0*04301 

2*0772 

1*18656 

50 

1618 

1869 

0*08847 

3*4932 

1*6644 

75 

1543 

1700 

0*1358 

4*1244 

1-3116 

100 

1470 

1544 

0*1858 

3*8436 

0 

125 

1400 

1400 

0*2383 

2*5128 

■ • • 

150 

1335 

1274 

0*2929 

0 

. • • 

Highest point of trajectory 

... 4*1436 

1*6680 


Messrs. Holland’s *500" Double Express Rifle. 


Range. 

1 

Velocity. 

1 

striking 

Energy. 

Time of 
Flight. 

j Height of Trajectory. 

1 For 150 Yards. 

For 100 Yards. 

Yards. 

f.R, 

ft.-lb. 

Seconds. 

Inches. 

Inches. 

At Muzzle. 

1784 

3134 

0 

0 

0 

25 

1712 

2887 

0*04270 

2*0148 

1*15872 

50 

1641 

2653 

0*08798 

3*3816 

1*6188 

75 

1573 

2436 

0*1346 I 

! 3-9600 

1*2636 

100 

1507 

2237 i 

0*1832 

3-6696 

0 

125 

1443 

2051 ] 

0*2340 

2-3916 

• t • 

150 

1382 

1939 1 

0*2869 

0 



Highest point of trajectory 3*5)768 1*6212 


Mr. Jeffries’ *500" Double Express Rifle. 


Range. 

Velocity. 

Striking ! 
Energy, i 

Time of 
Flight. 

Height of Trajectory. 

For 160 Yards. 

For 100 Yards. 

Yards. 

f.B. 

ft.-lb. 

Seconds. 

Inches. 

Inches. 

At Muzzle. 

1946 

2872 

0 

0 

0 

25 

1846 

2584 

0*03967 

1*7904 

1*01388 

50 

1750 

2323 

0*08139 

3*0192 

1*4244 

75 

1658 

2085 

0*1254 

3*5844 

1*12872 

100 

1569 

1867 

0*1720 

3*3696 

0 

125 

1484 

1671 

0*2210 

2*2368 


150 

1402 

1490 

0*2734 

0 



I x'xvA I jL'zc/v I V M • crs I V 

Highest point of trajectory 3*6108 1*4292 
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Messrs. Holland’s -577" Double Express Rifle. 


Range. 

Velocity. 

Striking 

Energy. 

Time of 
Flight. 

Height of Trajectory. 

For lf»0 Yanis. 

For 100 Yanis. 

Yards. 

f.s. 

fL-lb. 

Seconds. 

Inches. 

Inches. 

At Muzzle. 

1663 ! 

3625 

0 

0 

0 

25 

1594 ; 

3332 

0 04623 

2*3448 

1*3476 

50 

1527 

3056 

0 09448 

3*9108 

1*8732 

75 

1463 ' 

2806 

01440 

4*5840 

1*4772 

100 

1400 

2569 

01971 

4*2504 

0 

125 

1341 : 

2357 

1 0-2519 

i 2*7684 


150 

1286 

2169 ! 

* 0-;l088 

1 0 



Highest point of trajectory 4*6068 1*8756 


RIFLES FOR LARGE GAME. 

The Trajectories, Times of Flight, Remaining Velocities, 
AND Striking Energies of Bullets Fired from Large 
Bore and Express Rifles. 

(Calculated by Major W. McClixtock, R.A., Assist. Supi., Royal Small Arms 
Factory, Enfield Lock.) 

To any one who is about to purchase a battery of rifies for 
large game shooting, it will no doubt be interesting to know 
the trajectories, and .smashing power (striking energy), 
which the bullets fired from such riflc.s have, when suitable 
charges are used. It is with the object of .sup])lying such 
information that the following tables have lieen drawn up, 
which give the remaining velocity, the striking energj^, time 
of flight, and heights of trajectory^’ for every 20 yards, uj) to a 
range of 150 yards. The heights of trajectory for 100 yards 
range have also been given. 

In addition to the heiglits of the trajectories given in the 
tables, diagrams of the curves have also been drawn, having 
the heights exaggerated for the sake of clearness — the height 
being given on the scale of 2in. to the foot, and the range on 
the scale of 2in. to 20 yards. 

From the two heavy rifles (4 and 8 bore) both conical and 
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spherical bullets were fired, so the reader can form his own 
opinion as to the relative merits of these projectiles. 

The observed velocities were found by means of the 
Boulenge chronograph, and the muzzle and remaining velo- 
cities, times of fiights, and heights of trajectory, were cal- 
culated with the aid of Professor Bashforth’s tables. 

Curtis and Harvey ^s " treble strong powder was used for 
all the charges (Martini-Henry cartridges excepted). No. 7 
powder for the 4-bore rific, and No. 0 for the other calibres. 

Although the Martini-Henry rifle was not designed for 
sporting purposes, similar information respecting its powers 
is given. In order to estimate the superiority of the Martini- 
Henry rifle, the comparison should have been made with a 
greater range than 150 yards. 

The accuracy of rifle bullet trajectories calculated by means 
of Professor Bashforth’s tables has been tested by firing a 
large number of rounds through paper screens placed at 
different points along the range. The rifle used in the 
experiment was the Martini-Henry, and the screens were 
erected at intervals along a 500 yards and a 1000 yards 
range. 


0*45in., Single-Barrel, Martini-Henry Rifle 
(Conical Bullet). 

Powder, 85grs. Bullet, 48()grs. 






Heights of Trajectory. 



StrikiD/f 

Eiiorpy. 




Rauj^e. 

1 Velocity. 

Fllfrht. 

ir.() Yards 

100 Yards 


! : 


Range. 

Range. 

1 Yards. 

At Muzzle. 

r. 8. 

ft. lb. 

Seeonils. 

Inches. 

Inches. 

1315 ‘ 

1841 

0 

0 1 

0 

20 

1283 ; 

1752 

004555 

2-9076 i 

1-7280 

40 

1252 1 

1669 

009287 

5-0772 ! 

2-6712 

60 

1222 ; 

1590 

0‘1419 

6-4128 I 

2-7384 

80 

1194 i 

1518 

01911 

6-8208 j 

i 1-8720 

100 

1167 i 

1450 

0-2418 

6-2628 I 

' 0 

120 

1141 , 

1387 

0-2944 

4-6356 i 


140 

1116 i 

1325 

0-3484 

1-8516 


150 

1104 i 

1297 

0-3759 

^ i 
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4-Bore Conical Bullet op 1882gbs.; Powder, 12drs. 






1 Heights of Trajectory. 

Range. 

Velocity. 

Striking 

Energy. 

Time of 
Flight 

150 Yards 

100 Yards 





Range. 

Range. 

Yards. 

f. fi. 

ft. lb. 

Seconds. 

• Inches. 

Inches. 

At Muzzle. 

1330 

7387 

0 

0 

0 

20 1 

1293 

6981 

0 04516 

2-8860 

1-7232 

40 

1257 

6597 

0-09268 

5-0736 

2-6880 

60 

1223 

6244 

0-1413 

6-4056 

2-7708 

80 

1191 

5923 

0-1908 

6-8280 

1-9164 

100 

1160 

5619 

0-2428 

6-2472 

0 

120 

1131 

5342 

0-2954 

4-5996 


140 

1104 

5088 i 

0-3485 

1-8516 


150 

1091 

4969 1 

0-3760 

0 



4-Bore Spherical Bullet op 1250grs. ; Powder, 12drs. 


Hpights of Trajectory. 


Range. | 

Velocity. | 

striking ; 

I Energy. ; 

1 1 

Time of 
Flight. i 

150 Yards 
Range. 

100 Yards 
Range. 

Yards. 

f. 8. 1 

1 ft. Ib. 

Set'onds. 

Inches. 

Inches. 

At Muzzle. 

1460 1 

591iJ ! 

0 

0 

1 ^ 

20 

1 1375 1 

5242 ' 

0-04234 

2-7840 

1-6056 

40 

1296 1 

4659 1 

0-08744 

4-9908 

2-5524 

60 

! 1224 

4155 ! 

0-1349 

6-4632 

2-7000 

80 

1158 ‘ 

' 3718 I 

0-1854 

7-0692 

1-9008 

100 

1099 

3351 1 

0-2385 

6-6516 

0 

120 

1047 

3039 ! 

0-2946 

5-0208 


140 

1 1001 

1 2777 ' 

0-3538 

1-9812 


150 

; 981 

! 2869 

0-3828 

0 



8-Bore Conical Bullet of 1257grs.; Powder, IOdrs. 


Range. | 

i 

Velocity. 

Yards. 

f. H. 

At Muzzle.! 15(K) 

20 

1451 

40 

1403 

60 

1357 

80 

1313 

100 

1272 

120 

1233 

140 

1196 

150 

1178 


Striking ■ 
Energy. 

! 

Time of 
Flight. 

ft lb. 

Seconds. 

6273 1 

0 

5870 ‘ 

0-04032 

5487 : 

0-0825 

5135 

0-1261 

4807 = 

0-1714 

4511 1 

0-2175 

4237 j 

0-2652 

3989 1 

0-3150 

3870 ' 

0-3408 


Heights of Trajectory. 


150 Yards 
Range. 

100 Yards 
Range. 

Inches. 

Inches. 

0 

0 

2-3400 

, 1-3800 

4-1172 

, 2-1516 

5-2308 

2-2272 

5-6124 

i 1-5276 

5-1792 

; 0 

3-8724 

1 

1-5696 

j 


0 
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8-Bore Spherical Bullet op 862grs. ; Powder, IOdrs. 


Range. 

Velocity. 

Striking 

Energy. 

Time of 
Flight. 

I Heights of Trajectory. 

150 Yards 
Range. 

1 100 Yards 

Range. 

Yards. 

f. s. 

ft lb. 

Seconds. 

Inches. 

1 Inches. 

At Muzzle. 

1654 

5232 

0 

0 

0 

20 

1546 

4569 

0-03736 

2-2548 

1-2828 

40 

1446 

3998 

0-07741 

4-0764 

2-0592 

60 1 

1 1354- 

3505 

0-1203 

i 5-3400 

2-2044 

80 1 

, 1270 

3084 

0-1662 

5-9016 

1-5696 

100 

1193 

2720 

0-2151 

5-6052 

0 

120 ( 

1125 

2419 

0-2665 

4-2996 


140 ! 

1065 1 

2169 

0-3213 

1-7820 


150 

1038 

2069 

0-a500 

0 



10-Bore, Double-Barrel, Smooth-Bore, Jungle Gun 
(Spherical Bullet). 

Powder, 5drs. Bullet, 698grs. 


Range. ! 

Velocity, 

Striking 
■' Energy. 

! 

) Time of ! 

1 Flight. 

Heights of Trajectory. 

100 Yards Range. 

Yards. 

f. 8, 

ft. lb. 

! Seconds. 

inebes. 

At Muzzle.i 

1316 

2681 

! 0 

9 

20 i 

1226 

2328 

. 0-04731 

2-0316 

40 i 

1146 

2033 

1 0-0980 

3-2484 

60 1 

1077 

1797 i 

' 0-1515 

3-4548 

80 1 

1017 

1601 1 

0-2096 

2-4300 

100 ! 

966 

1445 ! 

0-2696 

0 


0*45in., Double-Barrel, Express Rifle (Conical Bullet). 
Powder, SJdrs. Bullet, 274gr8. 


Range. , Velocity. 


Time of 
Flight. 


Yards. 

: f. s. 

ft. lb. 

Seconds. 

At Muzzle. 

1 2000 

2431 , 

0 

20 

- 1917 

2234 

' 0-03063 

40 1 

1837 

2051 

0-06256 

60 1 

1759 

1880 

0-09612 

80 1 

1684 

1724 

0-1309 

100 1 

1611 

1578 

0-1675 

120 1 

1541 

1443 

0-2053 

140 

1472 

1317 

0-2456 

150 

1439 

1258 

0-2661 


lIcightR of Trnjr'ctoiy. 


150 YanlH 
RAiige. 


Inches. 

0 

1- 3932 

2- 4588 

3- 1660 
3-4176 
3-1908 
2-4108 
0-97248 

0 


liH) YardH 

Haiigf*. 


Inched. 

0 

0*8l(X) 

1-2072 

1-3260 

0-92568 

0 


BOOK VI. 

MODEEN EIFLED PISTOLS. 


CHAPTEE I. 
REVOLVERS. 


By wliom and where was the first revolver pistol made ? This 
is a question easy to ask, but impossible to answer. If a 
satisfactory reply could be found, the interest excited would 
possess more antiquarian than practical value. Following out 
the purpose of this book, I shall content myself with such 
reference to the earlier types of revolver as may be necessary 
to an intelligent understanding of the process of mechanical 
evolution hy which the modem revolvers have come into 
existence. As the pistol was developed from the previously 
existing gun, so the revolver seems to have sprung from an 
early invention of a revolving cylinder applied to a musket. 
Samples of muskets, having a fixed barrel, with a revolving 
cylinder containing several chambers, date as far back as the 
early part of the sixteenth century. To reduce these shoulder 
weapons to the size of a pistol would be so easy, that we may 
take it for granted that the first attempts at producing revolver 
pistols would follow closely on the introduction of revolver 
muskets. The first idea — common alike to the revolver musket 
and the revolver pistol — was simply to supply a weapon which 
should carry several charges. The inventors of these early 
weapons, therefore, contented themselves with the production 
of arms in which the several chambers were brought in suc- 
cession to the barrel by rotating the cylinder by hand; the 
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cocking of the lock being performed by a separate operation. 
As, however, the object of the revolver principle was greater 
■quickness and facility of fire than was obtainable with the 
single loading weapons, a desire naturally arose to find means 
to do away with the need of rotating and adjusting the 
cjdinder by hand. The result sought for was achieved in two 
distinct ways. One was to cause the pull of the trigger to 
rotate the cylinder, the other to cause the cocking of the 
Tiammer to effect this purpose. In this way the revolver 
principle started on two separate paths of development ; and 
the differences arising from this divergence are very noticeable 
in the English and American revolvers of the present day. 
The English makers chiefly produced revolvers of single 
action worked by the trigger ; while the Americans made 
single-action revolvers, in which the rotation of the cylinder 
was performed by cocking the hammer, and the trigger merely 
discharged the weapon. With the English makers, therefore, 
the careful study of the position of the centres, and the 
smoothness of the pull, were matters of the first importance, 
if accurate shooting was to be obtained. With the Americans, 
on the other hand, the force required for cocking was of no 
moment as affecting the shooting; and, in American revolvers, 
little care was bestowed on the pitch of the centres, and the 
arrangement of the mainspring and its adjuncts. Until a 
comparatively recent period few knew of, much less troubled 
themselves about, this difference between the two leading 
types of revolvers. One man fancied and bought a trigger- 
action pistol, another preferred the cocking action; and the 
merits and defects of each were accepted as part and parcel 
of the weapon chosen. But, when the call for double-action 
revolvers arose, a new light was shed on the subject. The 
English makers already had developed a well-designed and 
smooth trigger action, and had only to add a cocking action 
to produce a good double-action revolver. The Americans 
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added a trigger action, but, in so doing, they signally failed 
to produce a good double action, and made evident the faulty 
design of their revolving mechanism. It will, therefore, be 
seen that the English and American revolvers approached the 
double action stage of development from different directions ; 
and the keeping of this fact in mind will greatly facilitate the 
understanding of the merits and faults of the various modem 
types of revolvers. 

The first application of the revolver principle of construc- 
tion, where several chambers were rotated behind one barrel, 
dates back to the days of matchlocks. Of this type of arm 
an example exists in the Tower collection, and its period of 
construction may be set down as previous to 1550. 

The flint lock was applied to revolving firearms very soon 
after its application to single barrelled weapons. Great 
ingenuity was displayed in the construction of both match- 
lock and flintlock revolvers, and one cannot fail to be struck 
by the talent and perseverance of the early inventors, who 
worked uphill under difficulties that are now almost beyond 
our comprehension. Triumphs of mechanical ingenuity are 
to be found in still existent arms of early date, where the 
makers had more or less successfully tried to cope with the 
hard problem of producing an efficient type of revolver carry- 
iug the necessary flash pans and priming for match or flint 
locks. The introduction of the percussion system of ignition 
greatly smoothed the path of the revolver maker, but the 
exploded cap was apt to clog the revolution, and it was not 
until the invention of the gas-tight cartridge, carrying its 
own ignition, that a perfectly reliable weapon for defence 
became a mechanical possibility. Little profit would ensue 
from following out the use of rim and pin-fire cartridges in 
revolvers. All those of the present day are made for use 
with the central fire cartridge, and practical, as apart from 
antiquarian, interest does not require an examination extend* 
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ing beyond, those weapons which have been the immediate 
predecessors of the central fire revolvers now used. To 
Messrs. Smith and Wesson, of Springfield, Massachusetts, is 
assigned the merit of first producing metallic cartridges for 
use in revolver pistols, though Flobert, of Paris, used a 
powerful copper breech cap, containing a bullet, for his 
pistols in 1853. The development of the modern revolver 
may therefore be considered as embraced within the last 
thirty years. 

Tt is true that Colonel Colt patented his revolver in 1835, 
but this was practically a muzzle loader fitted with nipples 
for ordinary caps, and it was of the cocking action type. 
For years previously English makers had turned out con- 
siderable numbers of six-barrelled revolvers of the type 
known as the pepper-box.” The old pepper-box pistol is 
worthy of note, because the trigger action rotated the barrels. 
At this time, therefore, we see the revolver separate into the 
two different types of construction of which I have already 
spoken, namely, those weapons in which the? rotation of the 
cylinder was effected by cocking the hammer, and those in 
which the pull of the trigger rotated the cylinder and 
discharged the pistol. This period therefore affords the best 
starting point for a purely practical consideration of the 
modern revolver. 

Amongst English makers the above-mentioned actions 
were not long left separate, for about 1 855 the doublet-action 
revolver was produced, Adamses being probably the first, or, 
if not the first made, certainly the first well known. Quickly 
following came Tranter^s double-trigger revolver, an arm of 
great merit and ingenuity. And in any work dealing with 
revolvers or other pistols the name of Tranter should hold a 
place of honour, as belonging to a man who, by many 
improvements, has done as much as anyone to advance the 
art of pistol making. Since his time the improvements. 



VARIETIES OF REVOLVERS. 


416 


numerous and important as they are, have been chiefly in 
matters of detail, as we shall hereafter see. 

The modem revolvers which are being made by the leading 
manufacturers may be classified as follows : 

I. — Solid Frame, Non-Extracting. 

Single action, cocking by thumb. Examples : Coitus 
•44 Frontier, Coitus *44 cal. 

Double action, cocking by trigger or thumb. Ex- 
amples : Adams’s Double Action, Tranter’s Double 
Action, Colt’s Double Action, Webloy’s No. 5, 
Webley’s Royal Irish Constabulary, Webley’s Metro- 
politan Police, Webley’s British Bulldog. 

II. — Jointed Frames, Extracting. 

Single action, cocking by thumb. Example : Smith and 
Wesson. 

Double action, cocking by trigger or thumb. Examples: 
Smith and Wesson, Tranter’s, Webley’s W.G., Webley’s 
British Army Model, and the Liege Revolver, sold by 
Messrs. Bland and others in England. 

Beyond doubt public opinion is running very strongly in 
favour of double-action extracting revolvers, and the single- 
action revolver will soon be a thing of the past; and for 
home use probably even the double-action non- extracting 
type cannot long continue to hold its own against the double- 
action extracting weapon. 

The revolver is pre-eminently a weapon for quick work at 
close quarters, and all other considerations must eventually 
yield to rapidity of fire and quick reloading. Next to these 
two paramount conditions come accuracy of fire, length of 
range, quick sighting, penetrating power, stopping power, 
safety to the user, endurance of the pistol, and facility for 
cleaning. These requirements can only be met by a double- 
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action revolver with extracting and ejecting mechanism, and 
provided with some trustworthy safeguard against the dis- 
charge of the weapon until securely bolted. As the greater 
includes the less, a consideration of the points of such a 
revolver will cover all those other types of arm which 
perform only a part of the above-mentioned functions. 

(а) Rapidity of fire. So far as the discharge of that number 

of shots contained in one loading of the chamber, non- 
extracting double-action revolvers may be fired as. 
rapidly as the extracting and ejecting weapons ; but, as 
soon as the reloading question comes in as part of the 
attainment of quick fire, the latter weapon leaves the 
former hopelessly in the rear, and in situations of con- 
tinued peril the user^s life may depend on the facility for 
reloading. 

(б) Accuracy of fire. No single trigger action revolver can 

give the same accuracy that can be obtained with a 
pistol that can be cocked by the thumb, although 
rapidity may be secured. Accuracy can be obtained 
with a single cocking action, but rapidity is entirely 
wanting. We are therefore compelled to have the 
double-action extracting revolver if we are to secure a 
combination of accuracy and a capability of extreme 
rapidity when required. 

(c) Length of range. This quality depends upon the weight 

and form of the bullet, the charge of powder, the proper 
design of the chambers and barrel, and the accuracy and 
general solidity achieved in the fitting of the pistol. 
Each type of revolver must be judged by its actual 
performance. 

(d) Quick sighting. This is a most important point in a 

revolver, but too generally neglected. It is well known 
to those experienced in revolver shooting that the deep 
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and narrow V usually cut for a backsight, is useless for 
any but the most leisurely aiming. What is wanted is 
an arrangement of backsight such as shall enable the 
shooter to see his foresight plainly for elevation before 
centring for lateral accuracy. 

(e) Penetrating power depends on the velocity, weight, shape, 
and hardness of the bullet, and must not be confused 
with stopping power. Mere penetrating power should not 
be sought in a revolver to the neglect of other qualities. 
(/) Stopping power is one of the most important qualities that 
a revolver can possess. Most revolvers are wanting in 
this requirement, as they are too light and of small 
calibre. A heavy bullet of large calibre, propelled at a 
moderate velocity, will give the maximum stopping 
power of which a revolver is capable, because the recoil 
arising from attempting too much in a revolver soon 
puts the weapon beyond the use of ordinary men. 

(ff) Safety to the user. This very important quality depends 
on the design, workmanship, and materials of the 
revolver. The most fertile source of danger has arisen 
from the liability of extracting revolvers to be fired 
without being securely closed. So far I have only met 
with one safety contrivance to make this impossible. 

(h) Endurance of the pistol depends, to a great extent, on the 
design, but still more on the materials and the perfection 
of the hardening and fitting ; and each manufacturer’s 
revolvers must be judged by results. 

({) Facility for cleaning is very important if revolvers are to 
be kept in good shooting condition. In all the modem 
types this condition seems to have been fairly well studied. 

I. Solid Fbamb Non-extracting Revolvers. 

The following may be taken as examples sufficient to cover 
all of note : Adams's ; Webley’s British Bulldog ; Webley's 

E E 
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Metropolitan Police, the Boyal Irish Constabnlary, and the 
Webley No. 6 ; Colt's ‘45 and Frontier *44. 

All these pistols possess the common features of a solid 
frame, and a rod for extracting the fired cases. 

Webley’s "British” Bulldog (built on the lines of the 



American single action Bulldog) is double action, designed 
for the ‘450 service cartridge, and is the most powerful 
pocket revolver in the market. A good shot can make a 2in. 
diagram at 10 yards with this pistol, though it has but a 2|in. 
barrel. 
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Colt's *45 pistol is a very 
formidable weapon, having a 
barrel 7 Jin. long, and weighing 
21b. 8oz. 

This pistol shoots a bullet of 
250grs., with a charge of 88grs. 
of powder; and of its power 
there is no question. But its 
recoil is very great, and only 
bearable to men of very strong 
physique ; moreover, its pull- 
off, as usually sold, is not con- 
ducive to good shooting. Its 
length of barrel and general 
build make it almost like a 
small carbine. It is both single 
and double acting. 


S B 2 
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Both the single and double action Colt revolvers are made 
with the two lengths of barrel, and to take either American 
OP English cartridges ; but the same revolver will not use both. 
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The Colt '44 Trontier differs only from the above in its 
cartridge, which contains 40grs. of powder, propelling a 
bullet of 200grs. The recoil of this pistol is very heavy. 
Webley^s Metropolitan Police Revolver — adopted by the 
authorities in Nov. 1883 — is a weapon of *450 calibre, with a 
2\m. barrel, designed for close quarters and great stopping 
power. This pistol is double-acting. Webley^s Royal Irish 
Constabulary is also a double-acting weapon, similar to the 
above, but with a barrel, and, therefore, suited for 

longer ranges than the Metropolitan Police model. This is 
the pistol used by the Cape Mounted Police, and adopted by 
the Queensland and Victorian Governments. The latest 
models of this pistol are *455 cal. Webley^s Army Express, 
No. 5, which is the revolver adopted by the Government of 
the South African Republic, is a very powerful weapon, having 
a 5|in. barrel, and carrying either a *455 cartridge, or the 
U.S. *45 service cartridge. It is of the double-action type. 
In point of rapidity these double-action pistols have a great 
advantage over the American single action, and they have 
also the advantage of a better pull-off when cocked, for the 
reason already pointed out (see Fig. 129). 

The Adams^ revolver, though first produced as a muzzle- 
loader, has been for many years a breech-loading pistol. It is 
a powerful weapon of the solid frame, non-extracting class, 
and gives fairly good shooting with the trigger action ; but it 
has not kept pace with the march of improvement in details 
of design. 

II. Jointed Frame Extracting Revolvers. 

With single action, the best known type is the Smith and 
Wesson. This is a powesful pistol, but slow in action, and 
its pull-off is not suited for accurate shooting. In reloading 
it comes up to the standard of other extracting revolvers. 

Smith and Wesson produce an excellent type of double- 
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action extracting revolver, quick in action, and very handy for 
reloading, but not so good on 
the trigger action as the English 
revolvers. 



The Tranter double action 
extracting revolver is a good 
weapon, and has a veiy safe 

and efficient arrangement for locking the strap to the body 
(see Fig. 130). ^ 
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Of the Webley double-action extracting revolvers I give 
illustrations, showing their No. 4 or 4^ *455 cal., and also a 
detailed description of their W.G. revolver, which embraces 
the latest features of revolver development. A recent improve- 
ment in these revolvers is the addition of the automatic safety 
block, which prevents the possibility of discharging the pistol 
unless securely bolted. 

Webley^ s Improved Government Pattern Revolver. 

In this weapon the conditions which have been pointed out, 
as appertaining to a perfect revolver, are more nearly 
approached than in any other pistol yet introduced. The 
following description of this revolver will render its construc- 
tion and capabilities as understandable as may be without 
practical experience of the pistol on the part of the reader. 
Before discussing the very ingenious peculiarities of the lock 
mechanism, it may be well to describe the general features of 
the arm. Fig. 131 shows a revolver *455 calibre, of the 
double-action extracting type. Taking the body movements, 
as apart from the lock mechanism, the cylinder rotates upon 
a hollow spindle {g), Fig, 132. It is held in position on this 
spindle by the anti- friction nut {h), which fixes the horizontal 
position of the cylinder. This anti-friction nut is entirely 
removed from the influence of the fouling of the flash ; and 
thus this pistol will fire almost any number of rounds without 
sticking. In fact, as many as 2000 rounds have been fired 
from one of these pistols ; and, after this test, the cylinder 
was found to be quite free, although the shooting was as rapid 
as possible, and no cleaning was allowed. This nut also 
affords a very handy means of attaching and detaching the 
cylinder from the hollow spindle. The extension rib of the 
barrel is bolted to the body in a simple and ingenious manner, 
and one possessed of great strength, inasmuch as nothing less 
than the double shearing of a steel pin could permit the 
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revolver to fly open, when once bolted. In the body at the 
right side is a short spring bolt to engage in the hole in the 
strap. In the strap is a steel bolt or pin, just filling its entire 
width. In the body, at the left side, is a third bolt or pin. 
When the pistol is shut, these three bolts form one bolt in 
three parts, and the action is as follows : Commencing from 
the right, number one, urged by the spring, enters partly into 
the strap, bolting that side of the strap. The central division 
of the bolt — ^that in the strap — ^is thus forced towards the left, 
and one end of it enters the left side of the body ; and thus 
the strap is bolted to the body right and left. The third 
division of the bolt — that in the left side of the body — is thus 
caused to protrude from the outside to the left, as much as the 
spring has moved the three components. Pressure on this 
third component affords the means of unbolting the pistol. 
Thus it will be seen that this pistol is double bolted by a 
mechanical arrangement which acts as one bolt. The snap 
action is secured by suitable inclines on the right hand and 
middle components. By means of the side lever, the com- 
pound bolt is actuated for opening the pistol by the thumb of 
the right hand while holding the pistol as for firing. This is 
a great convenience — especially on horseback — as it enables 
the user to eject fired cases by the use of one hand only. 

In the fore part of the pistol is an effective arrangement 
for causing the extractor to perform its function, and snap 
sharply back into its place. There is the ordinary lever of 
the tumbler type, having a ratchet tooth on which a small 
pawl catches, and holding the lever, causes the movement of 
the extractor as the pist<jl is opened. At the right moment a 
snail cam pushes the pawl out of gear, and the extractor is 
smartly flipped back into its place. It will be seen that all 
the above described mechanism is neat and well suited to the 
functions required. 

Passing to the lock mechanism, by means of which the 
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cylinder is rotated and locked, and the arm fired, we find 
safety and efficiency secured by a combination of limbs very 
few in number, but performing all the necessary functions. 
The limbs of the lock proper are only five in number (see 
Fig. 133), namely: The hammer (fe), trigger (c), lifter (d), 
central lever (e), and mainspring (a). The following limbs 
used in other revolvers are dispensed with : The scear and 



Fig. 133 . 


scear spring, the catch and catch spring, the trigger spring 
and lifter spring. 

Therefore, when firing by means of the trigger action, the only 
resistances to be overcome are the elasticity of the mainspring 
and the very slight friction of the cylinder and limbs of the 
lock. Hence the trigger action of this pistol is lighter and 
smoother than that of any other, and closer shooting can be 
made with it. To understand the action of this lock it is 
necessary to thoroughly comprehend the peculiarities and 
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fanctions of the mainspring. It will be seen that, while the 
play side of the mainspring performs the ordinary function of 
propelling the hammer against the cap, what is usually the 
stand side is set to do important work. Its extreme end bears 
on the central lever, and the central lever bears in a slot in 
the lifter, the lifter being also pivoted to the trigger. Hence 
this end of the mainspring plays the parts usually assigned to 
the scear spring, trigger spring, and lifter spring. Further 
than this, the lower end of the lifter passes under the toe of 
the hammer to perform the office of the ordinary catch ; and, 
as this action is also due to the mainspring, no catch spring is 
required. 

Somewhat further back on this limb of the mainspring is a 
step which bears on the heel of the hammer when the pistol is 
discharged and the trigger released, so bringing back the 
hammer to a position of safety, and locking it there. 

When the pistol is shot with the trigger action the move- 
ments of the various limbs are as follows : The travel of the 
trigger raises the lifter, rotating the cylinder as usual. The 
lifter raises the central lever, and so compresses the under 
side of the mainspring, moving its safety projection sufficiently 
away from the heel of the hammer to allow a clear fall on to 
the cap. At the same time the lower end of the lifter, which is 
engaged w'ith the toe of the hammer, performs the cocking of 
the hammer, and compresses the top limbs of the mainspring. 
As the trigger approaches the point of discharge a tooth on 
its upper side, a little behind its axis, engages with the 
cylinder and locks it for firing. At the point of discharge 
the lower end of the lifter slips from the toe of the hammer. 

When the cocking action is used, the bent above the toe of 
the hammer engages with the scear nose on the trigger. 

Complaints have been made from time to time that extract- 
ing revolvers have blown open when fired. With a well- 
made revolver such an accident can only happen by the 
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inadvertence of the user; but^ in great hurry on bad light, 
such inadvertence may happen to the most careful of men. 
Of course, when this accident happens the revolver is disabled 
by the bending of the spindle, and the consequent setting fast 
of the cylinder. To render such an accident impossible, 
Messrs. Webley and Son are now fitting their revolvers with 
Carter’s Patent Safety Cylinder Locking Bolt. The con- 
struction is very simple, but the purpose served by it is very 
important in a revolver. In front of the usual trigger 
stop is this cylinder locking bolt. When the cylinder is 
stopped in the usual way by the trigger stop and the lifter, 
this cylinder locking bolt is operated by the fall of the 
hammer, and remains engaged with the cylinder until the 
hammer is again raised. The result is that the cylinder is 
doubly locked at the moment of discharge, and remains locked 
during the return of the trigger, and for whatever time may 
elapse until its next revolution. Amongst the advantages 
obtained are these : 

The cylinder is always doubly locked for firing. It is 
locked during the return of the trigger and when the revolver 
is being carried, and an accidental displacement of the 
chambers is rendered impossible. 

These two improvements are of great value, the first 
entirely doing away with the risk, attaching to pointed 
revolvers, of blowing open, and the second enabling a per- 
fectly free cylinder to be used Avithout any tendency to its 
going round too far, or turning back during the return 
motion of the trigger. The attainment of the free cylinder 
moans securing that smoothness of action Avhich is necessary 
for fine shooting with the trigger action, and, with revolvers 
so fitted, very nearly as good diagrams can be made with tho 
trigger action as by the cocking. 

The free cylinder spoken of is obtained in the Webley 
revolvers by means of the anti-friction nut. This nut is at 
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The Liege reTolver^ sold by Messrs. Bland at about half 
the cost of the corresponding Webley arm, is a good weapon 



at the price, bnt in material and finish will not compare with 
the English weapon, though rifled and finished in this 
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country. I have made very good shooting with it, but not 
up to the form displayed by Mr. H. Webley and Mr. Ira 
Paine in the trials to be presently described. This was owing, 
no doubt, to some extent, to my having previously shot the 
Colt with the full charge of 40 grains powder, which had 



completely upset my shooting. To those who cannot afford 
the larger sum, this pistol may no doubt be a boon; but, 
irrespective of price, I should certainly advise the choice to 
be made between the work of Messrs. Webley and that of 
the Colt Company. 
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Trial op Revolvers. 

In order to test the accuracy of the most prominent modem 
revolvers, I recently carried out a series of trials at Nunhead, in 
which Mr. H. Webley fired the new revolver of his firm at 
12 and 25 yards, and, in competition with him, Mr. Ira 
Paine exhibited the powers of the Colt arms a fortnight 
afterwards, the weather on both days being all that could be 
desired. The following reports, written by myself, were 
published in the Field, and I now append them entire : 

Trial op Webley’ s Army Revolver. 

With a view to arrive at something like a standard of the shooting 
of the revolver, similar to that of the sporting rifle which we 
obtained at Putney last summer, we have lately seen several kinds 
tested in private, and have also shot some of them ourselves. 
Among these trials the best we have seen was the performance of 
an improved army revolver, made by Messrs. Webley, of Birming- 
ham, with their new safety-bolt, which prevents the possibility of 
the action blowing open, inasmuch as, unless it is acted on by the 
closing of the top strap, the hammer cannot be pulled. In other 
respects the revolver resembles that described by us on the 10th of 
March last year (see Pig. 131). 

By the courtesy of Mr. Brown, the proprietor of the Ntmhead 
rifle range, we were permitted last Monday afternoon to use his 
fifty-yards ground at the back of his high butt, so that full safety 
from an erratic volunteer ball was insured. The weather being all 
that could be desired, Mr H. Webley duly appeared with the 
pistol, prepared to show its shooting for more than a hundred 
rounds without cleaning the action, and fifty rounds at twelve and 
twenty-five yards without wiping out the barrel, which intention 
he more than carried out, producing the excellent diagrams which 
we have since had engraved, and which at present we take to 
be the full standard of excellence, as far as our experience goes. 
His shooting with the trigger action is especially noticeable at 
twelve yards, but he did not come out so well at the longer range 
as might be expected. To produce this good shooting with the 



432 TJSE MODERN SPORTSMAN'S OUN AND RIFLE. 


trigger action is a most difficult problem ; but the object of the 
maker has been secured by a cylinder bearing, free in movement, 
steady, and safe from being clogged by the fouling of the escape 
backwards as well as forwards. In the Webley revolvers these 
three requirements are attained by the peculiar mode of, as it were, 
suspending the cylinder from the breech, and by the anti-friction 
nut. This mode of construction gives a remarkably smooth pull 
of the trigger, and enables first-class shooting to be achieved with 
the trigger action, while the cylinder remains free on its bearings 
after long-continued firing ; at all events up to 200 rounds, to about 
which number we tested it. 

Fig. 137 is a diagram of Mr. H. Webley’s shooting at 12 yards, 
using the trigger action. 



Fig. 137 . Tbiggeb Action, 12 Ya.bd8, clean. 

Fig. 138 is the result of six shots with the cocked action at 12 
yards. This, it will be seen, is not only not better than that with 
the trigger, but is a trifle worse. 

Fig. 139 is by no means an average performance, and, as far as 
it goes, reverses the comparative shooting at 12 yards. 

Fig. 140 is an extraordinary diagram considering the range, 
and is the best we have seen at the distance. We have ourselves 
obtained a diagram measuring 4Jin. x 4in. at 18 yards, using 
the cocked action, but of course it will not at all compare with 
this of Mr. H. Webley professes to be able to make as good 
shooting with the trigger action as with the cocked pistol, and 
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certainly the trigger cocking of his roTolver is so smooth that one 
could almost expect it ; but a public or semi-public trial does not 




Fro. 188. CocKSD Aotion, 12 Bounds, aftib 6 Shots, at 12 Yabds. 
always come up to anticipation, and, though he fully realised his 
wishes at 12 yards, the contrast was very great at 25 yards. 

p p 
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Fio. 140. CoGKSD Action at 25 Tasdb aftbb 24 Shots. 

Having carried out the above experiments, Mr. H. Webley pro- 
posed to fire forty-eight shots as rapidly as possible, showing what 
may be done in a short time by the reloading of an extracting 
revolver, in conjunction with reasonable accuracy. Taking the 
loaded pistol, and having previously wiped out the barrel, but not 
even oiling the action, and with forty-two cartridges on a table by 
his side, he fired forty-eight shots at 12 yards in 3min. 5sec., pro- 
ducing the annexed diagram (see Fig. 141). When it is remembered 
that this cartridge will penetrate nine half-inch deal boards at 
12 yards, this wonderful shooting shows what may be done by 
men only armed with revolvers if attacked at close quarters ; and 
notably if the smoke could be prevented by the use of a smokeless 
powder, which we hope soon to see accomplished, even at the cost 
of diminished accuracy. 
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Tbial of Colt’s Eevolyebb. 

(From the Field of April 12.) 

On Wednesday, April 9, we were present at a trial of the aboYe 
at Nnnhead, in the hands of the celebrated American pistol-shot, 
Mr. Ira Paine. On the aYerage, they were about equal to those made 
by Mr. H. Webley, as reported by us on the 28th of March. His 
shooting at 12 yards was certainly better, but, though he had 
seYeral trials, he did not come up to Mr. H. Webley’s 25 yards 
diagram. At 50 yards the six shots made a square of 18in., or 



Fia. 142. Elxy’s OABTsmaES, 12 Yabdb, Shobt Abmt Bxyolyxb, 
5iiN. Babbsl, Cocked. 

thereabouts, while at 100 yards twelYe shots were barely within 
a space of 4ft. 6in. by 3ft. Gin. Curiously enough, Mr. lUne 
succeeded in firing forty-eight shots in 2min. 15sec., being 50seCi 
faster than Mr. H. Webley with his self-extractor, but his accuracy 
was not to be compared with that of the latter, the space coYered 
being nearly four times as great. The actions all worked perfectly 
well| but the barrels of the pistols, seYeral of which were used, 
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seemed to require considerable cleaning out with the rod, whereas 
Mr. H. Weblej only used one pistol, and never cleaned out from 



Fig. 144. 12 Yjjbbs, Short Abmt, 74in. Barril, Elrt's Cartridois, 
COOKRD AcTTZOK. 

first to last In Mr. H. Webley’s case only one diagram under each 
condition was made, with the exception of that consisting of 48 
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rounds at 12 yards, whicli was recommenced after about thirty 
shots, owing to the wind catching the edge of the paper, which was 
badly fastened, and destroying its texture altogether. Mr. Ira 
Paine, on the contrary, repeated his performance several times, 
sometimes with improvement, and at others in the reverse direc- 
tion. In justice to Messrs. Webley, we have therefore taken the 
diagram first made in each case. Thus, Mr. Webley made only 
two diagrams at 12 yards, one with the trigger action, and the 
other with the cocked action, both of which we engraved. On the 



Fig. 145. 12 Tajudb, 40obs. Powder, Long Barbel, American 
Cartridges. 

other hand, Mr. Ira Paine made six diagrams, viz., No. 1 with the 
short army regulation arm cocked (Fig. 142 in our engraved series) ; 
No. 2 was a diagram of the 7^in. barrel (Fig. 144 in our series) ; 
No. 3 was a repetition of No. 2, which we do not give, but it is not 
nearly so good ; No. 4 was another repetition of the same, and a 
very excellent one, all but one shot being within the 2in. bull ; No. 5 
was with the short army revolver, using the trigger action, whidbi 
we give as Fig. 143, to contrast with Fig. 142, and is a very good 
one, quite equal to, or rather better than. No. 4 omitted ; and, lastly, 
No. 10, whidi we give as Fig. 145, was made with the same pistol as 
No. 3, but using the American cartridge containing 40grs. powder 
and 200grs. lead. Undoubtedly the four diagrams we give above 
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will compare favourably with Mr. H. Webley's performance at the 
same distance ; but, on the other hand, out of six diagrams made 
by Mr. Ira Paine at 25 yards, not one will compare with that of 
Mr. Webley with the cocked action, which measured only Sfin. by 
l|in., whereas Mr. Ira Paine’s first diagram (numbered now Fig. 146) 
measures 7^in. by 4|^in., while his short pistol diagram, fired No. 8, 
which we now place as Fig. 147, measures 4|in. by 3|in. His 
diagram No. 7 measures 7Jin. by 7in. No. 9 measures 6^in. by 4in., 
No. 10 5|in. by 2^in., and No. 11 8fin. by 7Jin. On the whole, 
therefore, it may be alleged that there is little or no difference 
between the two kinds of revolvers at these distances, assuming 
that the two performers are equal in skill, which we believe to be 
the case. 

It will be remembered that Mr. Webley did not shoot at any 
distance beyond 25 yards, so that no comparison can be here made. 
We may, however, state that Mr. Ira Paine’s diagrams at 50 yards 
vary from 7in. by Sin. to 12in. by Sin. At 100 yards, as we stated 
before, 12 shots were included in a parallelogram measuring 
4ft. 6in. by 3ft. 6m. 

As to the diagram made in rapidly firing 48 shots, Mr. Webley’s 
is far the best, the whole being included in a space measuring 16in. 
by 13in., whereas Mr. Ira Paine’s occupy a space 18^in. high by 
16in. wide. This diagram was made with the short army pistol, 
using Eley’s cartridges, and in the short space of 2min. ISsec. as 
against Mr. Webley’s 3min. 5sec. 

In conclusion, I may state that in describing $11 the 
revolvers mentioned in this chapter I have avoided any 
attempt to settle the claim to originality of invention ; 
indeed, in some cases three or four patents have been com- 
bined into one perfect whole. 





CHAPTER II. 
NON-REVOLVING PISTOLS. 

In order to avoid the escape at the junction between barrel 
and chamber^ two or three kinds of four-barrelled pistols 
have been invented^ in which the striker revolves instead 
of the chambers^ by which means the cartridge can be 



Fig. 148. Shabpb’ Tbiumph. 


inserted in the barrel itself. Among these an excellent one 
is that of C. Lancaster and Co.^ New Bond-streetj which 
will be presently described. But before proceeding to the 
Lancaster pistol it will be necessary to note the fact that the 
germ of his invention is contained in the pistol invented about 
twenty years ago in America by Colonel Sharps, and long 
known as Sharps^ Triumph.'* In it, however, the revolving 
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of the striker is effected by the working of the hammer^ which 
is done by the thumbs as indeed was the case with all the 
revolvers of that day. The cartridge was of the ^^rim^^ kind^ 
and the pistol (one of. which^ made at Birmingham twenty 
years ago, is now before me) is of course behind those of the 
present day. Fig. 148 gfives an exact representation of it (two- 
thirds size), the revolving projection on the hammer being 
shown at a. The barrels slide forward from the ''break off 
for loading, and the empty cases are pushed back by a rod, 
in the usual way. We will now compare this original idea 
with the new plan worked out by C. Lancaster and Co., as 
described by the head of that firm : 

Chaises Lanoasteb’s Patent Foub-Babbel Bbeechloading 
Hammebless Pistol. 

This ingenious invention is constructed on the principle of 
the ordinary revolver, with this difference, that, instead of 
the chambers taking a turn before each discharge, a revolving 
cylinder with a striker attached is made to perform a similar 
office by the pull of the trigger, the said striker being brought 
to bear in turn on the centres of the four barrels, which are 
drilled out of the solid and machined so as to form a square, 
and which are hinged at the bottom, through which a cross- 
pin passes to keep them to the breech action on the lower 
side, and are fastened at the top by a projection when closed 
ready for use, which said projection is raised from the barrel 
by a lever placed on the left hand side, being the most con- 
venient position, as the thumb, in passing the stock, readily 
works the lever to allow the connection to be lifted, and so 
cause the barrels to drop either for loading or unloading. 
The action of the lock is veiy simple, and is fully described 
in the Field of Jan. 14 and June 24, 1882, also in Yol. I. of 
present work, pp. 281-236. 

The advantages which this new pistol possesses over the 
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old form of revolver are, chiefly, increased accuracy and 
strength of shooting, owing to its dispensing with the escape 
between the revolving chambers and the stationary barrel, 
which not only acted prejudicially in the above directions, 
but iTLade it impossible to rest the weapon on the left hand 
when aiming except at the risk of serious injury. 

There is in this pistol no opening through which any gas 
can escape, so the weapon can be used like a gun when aim- 
ing (that is to say, with the left hand on the barrels) ; and 
there are no screws, hammers, or projections to catch the 
clothing, reins, &c. 

Above all, there is no fear of a jam or the weapon becom- 
ing unserviceable from over heating or other accident. The 
mechanism is covered up, and dirt, damp^ wet, and ill-usage 
hardly affect the pistol at all, as many officers who used them 
during the Egyptian campaign have testified. 

The extractor is self-acting, and ejects all the fired cart- 
ridge cases at once. 

The lock is rebounding, and the revolving cylinder and 
striker being jointed, there is no possibility of the striker 
protruding, thereby causing an accidental discharge, in the 
act of closing the barrels to the action. The lockwork is 
well made and is carried on metal, so that, should the stock 
become damaged, its perfect action is insured, the said stock 
only acting as a cover, no part of the said work being 
fastened to the stock (see Pig. 150). 

These pistols are all rifled on Charles Lancaster’s non- 
fouling smooth oval-bore system, thereby allowing shot to be 
used from them (as well as ball cartridges), from which very 
good practice is obtained up to 20 paces. 

The four barrels are made to converge to a common centre 
at 40 yards, so that in aiming no allowance need be made to 
insure either of them covering the object in sight. They are 
made of the following sizes, viz. : 
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1. Full size, bore '455 C.F. ; total length of pistol, 12m.; 
length of barrels, 6in. ; weight, 21b. 8oz. 



2. Medium size, bore *880 C.F. ; total length of pistol, 
lOm. ; length of barrels, 5j-in. ; weight, 11b. 14oz. 
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S. Small size, bore *380 C.F. ; total length of pistol, Sin. ; 
length of barrels, 3|in. ; weight, lib. 9oz. 

Full size takes the Government Regulation *455 C.F. cart- 
ridge, and gave an average velocity of 970 ft.-s. at 75ft. from 
muzzle of pistol when tested at Messrs. Curtis and Harvey's 
Bouleng5 chronograph. 

Medium size takes the ordinary rook rifle cartridge, 
'380 C.F., Messrs. Eley's make. 

Small size takes the ordinary revolver cartridge, *380 C.F., 
Messrs. Eley's make. 

These pistols can be supplied nickel plated to prevent rust. 

Mr. Charles Lancaster has a new model in course of pro- 
duction, viz., first a 4-barrel B.L. hammerless pistol to take 
the *577 revolver cartridge, and also double-barrel B.L. 
hammerless pistols constructed on the same principle. 

Movable shoulder skeleton stocks can be fitted, which give a 
very great assistance where very accurate practice is required. 

I have not tried this pistol myself, or seen it tried, but I 
have no reason to doubt that the admirable shooting with 
which it is credited by several correspondents of The Field 
is well founded, and, from the non-escape of gas, no doubt the 
initial velocity is greater than with the same cartridges fired 
from a revolver. 

Single and Double Pistols. 

These are not now much in use in this country ; but in 
America they* are employed either for carrying in the pocket, 
or for saloon practice, or sometimes as a double-barrelled horse 
pistol, on the Lefaucheux princ^le, which is made of all sizes, 
and to take various kinds of ammunition. It is not much used 
in this country. 

The Saloon Pistol. 

Long-barrelled (12in.) pistols, of very small bore, and with 
very shallow grooves, are made for use in the American shooting 
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galleries. They are very accurate up to 80 yards^ or there- 
abouts. With this pistol Mr. Ira Paine has for some time 
exhibited his skill and nerve^ as well as the courage of his wife, 
by shooting at nuts^ oranges^ &c.^ on her head from a distance 
of 12 yards. Of course^ this is nothing more than was for- 
merly done with the smooth-bore duelling pistol with which in 
my young days every good shot could snufi a candle five times 
out of six at twelve paces ; but no one ever heard of the most 
practised duellist exhibiting his skill by firing at an orange on 
the head of his wife. Tempora midantur, however; and we 
must take the world as we find it. Knowing the uncertainty 
of the human eye and hand^ my own opinion is that such 
exhibitions ought not to be allowed; indeed^ the accident 
which happened to Mr. Ira Paine abroad^ when his assistant 
lost a portion of his thumbs for which he obtained damages in 
Englandi shows that this opinion is well founded. 

The Debingeb. 

In America the most common form is the Deringer^ as 
made by the Coitus Fire-arm Company. Its mechanism will be 



Fio. 151. Colt’s Dibikoib. 


readily understood by reference to the annexed engraving 

(Pig. 161 ). 



BOOK VII. 

THE MATCH OR TARGET RIFLE AND ITS 
AMMUNITION. 


CHAPTER I. 
INTRODUCTORY. 


It will be readily conceded that one marked result of the 
Volunteer movement in tbis country bas been that of 
familiarising a large proportion of our effective male popula- 
tion witb tbe use of tbe rifle, mainly of course as a military 
arm. As a necessary outcome of tbe above state of things, 
tbe custom of shooting competitions and matches among rifle* 
men bas become quite general ; and, independent of its value 
from a military point of view in bringing out tbe merits, both 
of the weapon and tbe shooter, there is no doubt that this 
class of shooting has attained the position of a recognised 
branch of sport ; and, therefore, this work would be incomplete 
without some notice of the rifles, ammunition, &c., most 
generally approved of and in use for this purposes. 

Though the term sport may be cavilled at as applied to rifle 
shooting matches, there can be no doubt whatever that moat 
of the benefits to be derived from active out-door recreation 
with sufiGicient mental work and excitement to give it interest,, 
are to be found in this pursuit as in all true sport : but the 
training obtainable in following what may be for the time a 
mere amusement, has in this particular matter a much more 
grave and. important bearing upon our nationid ability for 
either attack or defence ; since there can be no question that 
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any nation tliat can yentnre to familiarise its sons with 
probably the most effective weapon the art of man has been 
able to devise^ largely augments its fighting value against any 
assailant whatsoever. 

The cultivation of an intimate acquaintance with the bulls- 
eye'^ may lack the thrilling incidents of the tiger hunt, or the 
absorbing interest afforded by the protracted stalk of the red 
deer, but to a large and increasing class in this country it is 
exceedingly attractive; and, therefore, I think no further 
apology is needed for this section of the volume than perhaps 
may be conveyed in the following remarks made some century 
and a half ago by Eobins, one of our earliest investigators into 
the mysteries of small arms. I shall, therefore, close this 
paper with predicting that whatever state shall thoroughly 
comprehend the nature and advantages of rified-barrel pieces, 
and, having facilitated and completed their construction, shall 
introduce into their army their general use, with a dexterity 
in the management of them, they will by this means acquire a 
superiority which will almost equal anything that has been 
done at any time by the particular excellence of any one kind 
of arms; and will, perhaps, &11 but little short of the 
wonderful effects which histories relate to have been formerly 
produced by the first inventors of fire-arms/^ 

I shall in this section of my work first consider the long 
range rifle with aperture sights that existed so long as a 
muzzle loader, and that is used for the highest class of rifle 
competitions, and known among riflemen as the '' Any rifle 
or Match rifle, par excellence. I shall then devote some 
little space to the more generally known army service rifle, 
following with an examination of the leading types of those 
rifles of a similar class known as M.B.L. or Military Breech- 
loaders, and shall conclude this branch of my subject with 
some remarks upon the proper manipulation of these rifles 
at the shooting range. 




CHAPTER II. 

HISTORY OF THE MODERN TARGET RIFLE. 


I FIND it will be advisable and of assistance to my readers^ in 
enabling them to fully understand the present state of the 
modem target rifle, if I depart from the rule observed in my 
treatment of both the shot-gun and sporting rifle, because in this 
case some account of the development of tbese weapons is 
almost indispensable before their present value as arms of 
precision can be fully realised. I therefore propose to give a 
slight sketch of the history of this class of arm from such a 
date as will not involve mere antiquarian research. This is 
necessarily given in a condensed form, but I have endea- 
voured to be as accurate in my statements as possible, 
though, through the rather imperfect form in which some of 
these interesting matters have been placed upon record, some 
slight amount of error, almost impossible to avoid, may have 
crept in. The chief authority consulted has been the annual 
reports of the National Rifle Association, a complete set of 
which from its commencement have been placed at my 
disposal. I have also availed myself of such other sources of 
information as will from time to time be found quoted in the 
margin, I trust the reader will find within the following 
pages as &ir a statement of the origin and progress of the 
modem target rifle as it is possible now to obtain. 

1862 - 3 . 

During this period was carried on a series of investigationB 
that resulted in the production of the so-called Enfield rifie. 
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elaborated from the best features of tbe existing Mini6 rifle 
and several other types designed by some of the leading 
gonmakers of the day. * The chief points arrived at seem to 
have been (a) a reduction in bore (from '702 to ’577) ; (&) the 
use of a paper-covered elongated bullet^ with a deep cavity in 
the base containing a plug or cup^ which^ being forced in by 
the blow of the explosion^ expanded the bullet^ and so caused 
it to engage with the rifling, (c) The fact that an odd 
number of grooves gave the best results with such a bullet, 
and that grooves with only one side (ratchet shaped ?) 
were tried, but the experiments were not sufficiently ex- 
haustive to enable any decided conclusions to be arrived at. 
{d) The depth of groove decided upon was at this early 
stage no less than *014, or rather more than double the depth 
of the most approved modem styles, though this was subse- 
quently modified, as will appear in due course, {e) Mr. C. 
Lancaster's contribution to this inquiry was an oval-bored 
rifle (since so intimately connected with his name) ; and, 
though this method of grooving was by no means novel, 
having been described in a work published about the 
beginning of the present century, f still it attracted some 
considerable amount of attention. 

Along with this form of groove Mr. Lancaster adopted 
the American plan of a gaining twist or increasing spiral, 
together with a groove of varying or progressive^' depth, 
that is, deeper at the breech than at the muzzle, and in this 
particular model he used an exceedingly shallow grooving. 
No advantage in either accuracy or trajectory appeared in 
the trial of this rifle ; on the contrary, a similarly grooved 
barrel, .but with an uniform twist of spiral, gave rather 
better results. 

* Beport of Experiments with Small Arms at Enfield, the Hon. A. 
Gordon, Lient.-Col. London, 1858. 

t Bdloppetaria. CoL Beamfbj. London, 1808, pp. 87-88. 
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1854 - 7 . 

A gradual progress was made during this period, inasmuch 
as the Enfield rifle was the subject of improvement in details 
chiefly affecting the barrel and ammunition. The Lancaster 
rifle, too, was*benefiting by a similar process. It is here that 
allusion may be made to the efforts of General Jacob toward 
the improvement of small arms in range and precision of fire. 
This gallant officer had experimented upon this question for a 
number of years, and had finally arrived at the conclusion 
that a plan involving the following details was calculated 
to give the most generally satisfactory results. A short 
barrel was preferred, 24in. only in length, of rather less 
calibre than the Enfield (*530 only), rifled with four deep 
grooves having the rapid twist (for the calibre) of one turn 
in 30 inches. The projectile used was a conical bullet (or 
shell), having a long and sharp point and four projecting 
wings or snugs on its cylindrical portion to engage with and 
fit the grooving. This plan never came into general use, the 
severe recoil and exceptionally high trajectory seriously 
discounting the fair degree of accuracy obtained. 

This period is, however, most noticeable on account of its 
having been occupied by the experiments of Sir Joseph 
Whitworth, to whom must be ascribed the entire credit of 
having thus established the main principles upon which is 
founded every form of modem small bore rifle; his work 
will be found fully described at the end of this chapter. 

1858 - 9 . 

No particularly marked step in the farther development 
of the rifle took place, excepting that gunmakers and others 
were busily engaged in inventing and perfecting rifles 
differing from the Whitworth, more or less, in points of 
detail, but, almost without exception, retaining the leading 

G G 
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features of tliat weapon. About this time, several plans 
of breechloading rifles were introduced, all with the paper 
cartridge, and depending more or less upon a wad for 
rendering the breech gas-tight. These devices were all 
more or less short lived, excepting that of Mr. Westley 
Richards, which has existed down to recent ^imes, though 
of course, since the introduction of the metallic cartridge, 
it has been forced into a subordinate position by the modern 
type of breechloader. 

18G0. 

A most important chapter in the history of the rifle, was 
opened by the inauguration in this year of the National 
Rifle Association for the encouragement of rifle corps and 
the promotion of rifle shooting throughout Great Britain,” 
also ^^by establishing rifle shooting as a national to 

make the rifle vrhat the bow was in the days of the 
PlaHtagenets, the familiar weapon of those who stand forth 
in the defence of their country.” That this admirable 
institution has had considerable influence, and generally of 
the happiest kind, upon all rifle matters is well known, and 
in fact the N.R.A., as it is familiarly called, has thoroughly 
identified itself with the history of target rifle shooting 
wherever the English language has penetrated. The chief 
winning scores at this meeting were made with Whitworth 
rifles, excepting in those cases where the competitors were 
restricted to the use of the Enfield rifle. 

A rifle by Ingram, of Glasgow, with the ratchet shaped 
groove, and using a cylindrical hardened expanding bullet, 
secured a position in the prize list.* The B.L. rifle of 
Westley Richards, before alluded to, also made its mark on 
this occasion as on many subsequent ones, the barrel of 
this rifle was grooved on a modification of the Whitworth 


* Volunteer Service Gazette, Vol. XV., page 761. 
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plan calculated to facilitate tlie use of a cylindrical bullet 
not mecbanically fitting the grooves, as this latter arrange- 
ment is obviously unsuitable to a B.L. rifle. 

1861. 

At the N.R.A. meeting this year first appeared the since 
well-known Henry rifle, the grooving of which is shown 
on p. 251 of this volume. This modification of the Whit- 
worth system was professedly brought out for the purpose 
of rendering the use of a cylindrical bullet less objection- 
able than it was with the Whitworth rifling, and to a 
great extent was successful, though the inventor, when 
requiring great accuracy, did not* scruple to use a mechani- 
cally fitting projectile — so strong was the desire to profit by 
the researches of Sir Joseph. Subsequently Mr. Henry, by 
remodelling some of the details of his grooving, as pointed 
out on p. 252, succeeded in obtaining for his barrel considera- 
able notoriety as a breechloader, and finally, as we shall see, 
its adoption for the service arm. Several other rifies by 
different makers, one of the most prominent being Mr. Turner, 
came into notice at this meeting, but no marked advance was 
perceptible. This year the first official notice of an improve- 
ment in the Enfield rifle that had been slowly arrived at 
during the previous years, appeared in the form of a statement 
by General Hay, and was to the effect that the modified 
groove was quite altered in its proportion ; instead of being of 
one uniform depth from breech to muzzle of '014 of an inch, 
it now was made ’015 deep at the breech end, diminishing to 
only "005 at the muzzle. This is worth noting, as these pro- 
portions have held good to the present time, even through the 
change of the arm from the M.L. to the B.L. Snider. 

1862. 

The preliminary trials of rifles early in each season, first 
established by the N.R.A. in 1860, for the purpose of dis- 

G G 2 
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covering the most accurate long-range arm wherewith to 
shoot the second stage of the Queen^s Prize, had hitherto 
resulted in walks over by the Whitworth, but this year six 
competitors put in an appearance. Still the trial resulted 
in the Whitworth proving its superiority. It may be here 
remarked that the rifle submitted by Mr. J. Eigby, of Dublin, 
had ratchet-shaped grooves, and fired a cylindrical bullet. 
The leading small-bore prizes at the meeting fell to the 
Whitworth, the Henry rifle taking the next place. 

1863. 

Nothing remarkable took place this year, the Whitworth 
rifle still keeping to the front. 

1864. 

At the N.E.A. meetings of 1864 the position of the Whit- 
worth rifle was unchanged ; but at the preliminary trial of 
rifles early in the season Mr. Eigby succeeded in tieing the 
Whitworth upon the figure of merit obtained by the shooting 
of six rifles fired from the machine rest at 1000 yards range, 
a series of twenty shots being fired from each rifle, the mean 
deviation for both kinds of rifles being l'83ft. Mr. Eigby 
had, however, laid aside during the previous season his 
cylindrical bullet, and had adopted a hard mechanically- 
fitting one, and also a different plan of rifling, offering, 
as it were, five ridges to the hold of the bullet. He had 
obtained some very good results in firing these rifles from my 
Meld machine rest * (similar, in most respects, to the rest 


* Thifl rest waw devised by me in order to meet the objections made by 
several of Mr. Henry’s friends and others to Mr. Whitworth’s slidingr rest, 
which, they alleged, w’as capable of manipulation by iftio sergeant in charge of it, 
either in favour of or against a competitor, by pressing on the butt of the rifle, 
and thus altering the line of aim. In those days, in the course of the tw'enty 
shots made for “ figure of merit,” a considerable fall took place towards the end 
owing to the fouling which accumulated in the grooves, and this, it was stated, 
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shown opposite p. 46, Vol. I.), so much so that at a subse- 
quent trial in the autumn of this year he took the first place, 
and consequently obtained the order to supply the rifles to be 
used by the sixty in the second stage Queen’s of the 
ensuing year. 

1865. 

In the June of this year a trial of twenty of Mr. Rigby’s 
rifles took place at Enfield. The shooting generally was very 
good, and one rifle gave a group of twenty shots at 1000 yards 
with a mean deviation of 1*1 1ft. only — a figure of merit never 
before reached by any rifle in a public trial. At the N.R.A. 
Meeting the shooting obtained by these rifles in the Queen’s 
Prize was of a superior character to any hitherto obtained in 
this competition. The Whitworth rifle, however, still retained 
a prominent position in all competitions not restricted to the 
Enfield. The Metford plan of rifling first appeared at this 
meeting. Sir H. Halford using it in the Elcho Shield match. 
This weapon, destined to become a favourite arm for high-class 
long range shooting, was distinguished from its leading rivals 
by its designer having altogether abandoned the fitting pro- 
jectile introduced by Sir J. Whitworth, and imitated in 
principle by nearly all the leading rifle makers. Mr. Metford 
took the smooth cylindrical bullet, such as was used by Mr. 
Henry, Mr. Ingram, and by Mr. Rigby in 1862, and, by making 
it of a hardened alloy (similiar to that adopted by Whitworth 
for his fitting projectiles, or perhaps not quite so hard) found 
that he could obtain fine results with it when fired from a 
barrel having its rifling groove of the same or even a less 
depth than that of the shallowest portion of the Enfield cut. 

oonld bo counteracted by depressing the butt, which was held by the shoulder 
of the sergeant. My rest, on the contrary, was backed up by a spring (as it 
still is), and is therefore incapable of being tampered with. Haying been 
present at aJl the early competitions held at Woolwich, my suspicions were 
certainly aroused, but I never had reason to believe that the great superiority 
shown by the Whitworth rifle up to 1864 was mainly due to this cause. 
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He further incorporated into his system the American plan of 
the increasing spiral, as Lancaster had endeavoured to do since 
1852 ; and by further availing himself of every technical 
detail likely to prove of value, and insisting upon a high 
standard of workmanship, he was able to produce some very 
fine results, though doubtless a great portion of the success of 
the Metford rifling must be ascribed to the great improve- 
ment in the quality of the gunpowder used since 1854, when 
it was so imperfect that Sir J. AVhitworth dare not rely upon 
it for any upset or expansion of the solid projectile he pro- 
posed to use. 

186G. 

Though the long ranges of the Queen^s prize were shot 
with the Whitworth, a marked advance by the Metford rifle 
can be observed in the ^^Any rifle competitions, and from 
this year may be dated the overthrow of rifles using fitting 
projectiles that obviously could not bo used with breech- 
loaders, and, no doubt, if this type of projectile had continued 
longer in use, the advent of the B.L. rifle as an accurate long 
range arm would have been proportionately delayed. 

18G7. 

This year Mr. Rigby introduced his model long range rifle, 
for which, in its essential features, he had ado j) ted the lines 
that had guided Mr. Metford, as before stated, so niucli so as 
to cause some to consider Rigby as rather overlapping 
Metford in several respects. This is a matter I cannot under- 
take to discuss, but my readers will, no doubt, be able to 
arrive at their own conclusions upon the matter. These two 
rifles as M.L.^s will bo found to have divided between them 
the larger proportion of the patronage and esteem of the long 
range shots of the country, and most deservedly so. This 
year may be considered as the starting point of the modern 
B.L. rifle, that is a rifle using metallic cartridges, carrying 
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their own ignition as opposed to the earlier type of B.L. using 
consuming cartridges, and requiring a cap to be used with each 
discharge precisely as with a M.L. rifle. For the last seven 
years this latter style of B.L. rifles had been familiarly known 
at Wimbledon and similar gatherings ; especially had the 
Westley Richard^s capping B.L. distinguished itself by 
winning year after year the special prize for B.L. rifles given 
by the Duke of Cambridge, though the shooting made, as a 
rule, would not bear comparison with the contemporary shoot- 
ing of the M.L. rifle now rapidly approaching perfection. One 
of the most successful of the new model B.L. rifles, introduced 
by Mr. Henry, now came decidedly to the front, and, as far as 
barrel and projectile, and to a certain extent, indeed, the entire 
weapon, was the precursor of the same details now embodied 
in the present service rifle, the Martini-Henry. The breech 
action adopted by Mr. Henry was, however, but a modifica- 
tion of the older and well-known American breech, known as 

Sharp^s,^^ but somewhat re-modelled and adapted to the new 
conditions of cartridge, &c. 

1868 

Is only noticeable for the continued success of the shallow 
grooved cylindrical bullet M.L. rifles as against the oldei* 
models. A number of B.L. rifles alike in most details affecting 
the shooting, but of differing mechanical arrangements in 
their breech actions, now appear, but no distinct advance can 
be recorded. 

1861). 

The investigations of the Government Committee on small 
arms, whose labours terminated in the selection of the Martini- 
Henry rifle as the service arm, caused a great impulse to be 
given to that class of rifle shooting, known as M.B.L. work, 
though at this period rapidity of fire was considered as well as 
accuracy ; the Henry ” barrel and ammunition being 
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decidedly in the front. The Any rifle class of shooting calls 
for no remark^ only that both the weapons and the shooters 
were steadily advancing to a high pitch of perfection. The 
Whitworth rifle was now nearly confined to the second stage 
Queen^s prizes, scarcely appearing in the open competitions for 
small-bore rifles. 

1870. 

The newly adopted service arm, the M.H. rifle, comes to the 
front this year, the Duke of Cambridge\s prize being won with 
one of these; though it should be noted that, up to and includ- 
ing this year, since 1868, the extreme range in this important 
competition has been only 800 yards, and the number of shots 
fired not exceeding seven, though the rifles used were supposed 
to previously qualify for rapidity and accuracy combined in a 
^^timo limit shoot at shorter ranges. Notliing worthy of 
remark occurs affecting the fine M.L, rifles. 

1871. 

This year two new rifles were officially introduced to the 
rifle world. The Snider-Enfield B.L. replacing the Enfield 
M.L. arm, and the Government pattern Martini-Henry B.L. 
replacing the Whitworth M.L. in the second stage Queen^s 
prizes, shot at 800, 900, and 1000 yards ; thus M.L. rifles were 
swept away from the Wimbledon meeting in all but the fine 
long range Any ” rifles. The M.H., in all its essential 
features, hadnowsettledto very nearly its present model. During 
its previous appearances at Wimbledon the rifle was heavier, 
chiefly in the barrel, and the long taper *450 Boxer-Henry 
cartridge was used with it instead of the present pattern 
•577-*450 bottled shape. The Metford barrel first appeared 
as a B.L. rifle at this meeting, and in combination with a 
falling block breech action of Westley Eichards (on somewhat 
similar lines to the Martini breech), succeeded in taking the 
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Duke^s prize^ now for the first time shot for at the 1000 yards 
range, and hence justly considered the ^^blue ribbon^’ of the 
M.B.L. rifle at Wimbledon. 


1872. 

While the M.L. Any rifle continued in its finely 
developed form^ some advance was made this year by the 
M.B.L. class of rifle — so much so as to cause a match to be 
shot between teams of five on each side, one armed with M.L. 
rifles, and the other with B.L. rifles, fitted with similar fine 
sights, &c., as used on the muzzle loaders. The conditions of 
the match were 30 shots per man at 1000yds. range. The 
M.L. team won easily, w’ith a majority of 15 points per man 
over the scores made by their opponents, the shooting of these 
latter being of an exceedingly moderate character; four of 
these B.L. rifles had Metford barrels, and the other a Henry 
barrel. The Duke^s was again won by a Metford-Weslley- 
Eichards, though a Henry rifle tied with the top scorer, and 
this latter rifle was very successful in the M.B.L. competitions 
now established, in which accuracy of fire alone was con- 
sidered. As an illustration of the fine work the M.L. rifle 
was now capable of, Mr. E. Koss this year won the Any rifle ” 
Wimbledon Cup with a Metford rifle, the conditions being 
seven shots each at GOO and 1000 yards : he made all bullseyes 
at both distances. 

1873. 

The N.R.A. at this meeting gave a special series of prizes 
(the Arthur for the encouragement of B.L. ^^Any rifles, 
the conditions being ten shots at 600yds., the B.L. not being 
considered as capable of fine work beyond this range. The 
majority of the prizes were won by the Swinburn and Henry 
rifles, the first prize being taken with one of the former 
weapons firing the Government M.H. cartridges, but with a 
barrel somewhat improved in the detail of the grooving as 
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compared with the Henry barrel. Both these rides were rather 
conspicuous in the open M.B.L. comj)etiti(»iis, tlie latter 
securing* the Duke’s’^ once more, the Mctford AN .11. being* ])ut 
moderately prominent in the prize lists among the B.L.’s. 
The perfection attained by the M.L. rifles calls for no remark 
this year. 

1874. 

The interesting competition for B.L. ^'Any^^ rifles at (300 
yards, introduced last year, was this time won with a Aletford 
rifle, after shooting a tie against a Swinburn. In the M.B.L. 
competitions the latter rifle, together with the Henry, still take* 
the lead, though the '^Duke^s^^ was taken by a IVIetford B.L. 
with a score one point higher than that made by a Swinburn rifli* 
with an Ingram barrel firing the Government M.ll. cartridges. 
The breech action now used with the Metford barrel is the oiu* 
invented by Mr. Farquharson and described in a succeeding 
chapter of this volume. This year may be considered to bt‘ 
nearly, if not quite, the climax of the success of the Any^’ 
M.L. rifle as used for match and competitive shooting. In the 
autumn of this y(*ar took jdace the celebrated rifle match at 
Creedmoor, New York, between the Irish team, firmed with 
Rigby M.L. and the American team armed with B.L. rifles of 
homo manufacture, resulting in a defeat of the former by 
three marks only. The B.L. rifle used by the winners was of 
such a highly artificial and delicate construction that \he 
barrel required to be elaborately wiped out jierfectly clean 
between the shots, and only by strict attention was it (*nabled 
to overcome the M.L. rifle, which, of course, was lired con- 
tinuously, though the scoring made by the latter rifles wuis 
fully up to the then be<st recorded work. 

1875 

The ^^Duke^s^’ was again taken by a Metford rifle with a 
Bcore one point higher than that of the second man who shot 
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with a Henry — this latter rifle securing the first prize in the 
Arthur/^ now a M.B.L. shoot ; while the Swinburn took the 
first place in the Secretary of State for War^s ” prizes, shot 
for at 900 yards. In general the M.B.L. prizes were pretty 
evenly divided among the three rifles mentioned. This 
year is memorable for the first appearance at Wimbledon of 
a small body of rifleman from the United States with their 
Any^^ B.L. rifles on the swabbing out principle previously 
alluded to. Their shooting, though interesting, did not produce 
any immediately marked impression, though, by their again 
huving defeated the Irish riflemen in the return match at 
Dublin, they had unquestionably proved the superiority (at 
least for mere target work) of their breechloader, used with 
a heavy charge of slow burning powder, and thoroughly 
wiped out after each shot, over our M.L. rifle, fired 
continuously without any other cleaning process than that 
effected by the well fitting wad passing down the barrel in 
the act of loading. From about this time British riflemen 
began to experiment first upon their M.L. rifles, carefully 
wiping them out between shots, and, farther, with B.L. 
rifles constructed on similar lines to those of the Americans 
(rifles of American manufacture being imported for tho 
purpose), but for some time only modified success attended 
these experiments, as the powder in general use in this 
country was too rapid in its combustion to permit of the 
good points in this plan coming fairly out. In time this 
difficulty was of course got over, and a suitable powder 
manufactured. Another feature largely adopted from the 
American riflemen was that of using the back ** position in 
firing, though this position could nob be considered a novelty 
upon Wimbledon common, as a few noted shots had fired in 
it for many years; still, the great success of the Americans 
in their matches attracted attention to its undoubted 
advantages, especially for long range work. A fine range 
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score for this period was made in the Elcho Shield Match by 
Mr. Boyd, with an Ingram rifle M.L., at 1000 yards — he 
made in his fifteen shots, two magpies and thirteen bullseyes, 
finishing with eleven of the latter consecutively. 

1876 . 

The performances of the Any rifle at the Wimbledon 
meeting of this year require no comment, except that the 
Great International Rifle Match took place at Creedmoor, 
New York. The match was contested by teams of eight 
men each from Ireland, Scotland, Australia, and Canada, 
with, of course, a United States team. The last-named won 
the match, which extended over two days, and was competed 
for under the usual Elcho Shield conditions. The Irish team 
came in a close second, still using the Rigby M.L. rifles. The 
remarkably fine shooting of a member of this team, Mr. J. K. 
Millner, at the 1000 yards range, is worth noting, it having 
never yet been equalled. Upon the second day of the match 
he made fifteen consecutive bullseyes at this distance, being 
the highest possible score ; and, in a ten shot match a few 
days afterwards, he made ten consecutive bullseyes, thus 
again making the highest possible score. The Duke^s was 
well won this year by the Metford B.L. rifle, no other weapon 
coming within four points of the winner’s score, and a decided 
advance was made by the same rifle in the number of prizes 
won in the other M.B.L. competitions, more particularly in 
the Sec. of State for War^^ and the Henry,” shot at 900 
and 1000 yards respectively. In the shorter range competi- 
tions the other M.B.L. were more conspicuous. 

1877 . 

The shooting of the winning team in the Elcho Shield 
match was this year exceptionally fine, they were armed (with 
one exception) with Rigby M.L. Rifles. Another important 
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any rifle contest took place this year in the United States ; and 
a team composed of riflemen selected from among the best 
shots of Great Britain and Ireland^ tried conclusions with 
the Americans, and some fine shooting took place; but the 
visitors were beaten by a larger number of points than in any 
previous International match. There was now no doubt that 
the American cleaning-out system enabled breechloading 
rifles, so constructed as to suit this mode of treatment (and, 
indeed, to be useless without it), to give more accurate results 
in long range match firing than could be obtained from M.L. 
rifles. The B.L. competitions were largely won with Metford 
rifles — in fact, all the first prizes at the long ranges, except 
one at 800 yards, fell to this weapon. 

1878. 

This year the B.L. Any^^ rifle began to make itself felt 
in the competitions established for these weapons, several 
leading riflemen using either imported American rifles or 
home-made weapons worked on the same plan; but in the 
Elcho Shield match the Irish team, all but one using the 
Rigby M.L., were again victorious with still more splendid 
scoring than that of the previous year. In this shoot is to be 
found the highest individual and collective scores ever made 
with the M.L. rifle in this country. It may be worth while 
to note that the habit of wiping out the M.L. rifle between 
the shots, now introduced in imitation of the American plan, 
no doubt contributed in some degree to these fine results. 

In the M.B.L. competitions the superiority of the Metford 
rifle over the other types of B.L. rifles continued, though 
occasionally prizes were taken by the Henry and others. 

1879. 

Among the ^^Any’^ rifles at Wimbledon this year, the 
American rifles aaid their imitators showed increased promi- 
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nence in the prize lists, no less than three of the former 
weapons being used among the English Eight and the 

Albert^’ — the most important prize for this class of rifle 
was won for the first time by an American. In the M.B.L. 
shooting the Metford rifle was again very successful ; but 
other rifles began to put in an appearance, among these the 
most noticeable are the Webley-Wyley and the Fraser, both 
described in a following chapter. 

1880. 

The M.L. Any rifle may be considered to be completely 
overpowered this year by the new style of manipulating the 
breechloader introduced by the Americans ; and these latter 
show in the competitions open to them that, from some cause 
or other, the British B.L. rifles on their plan are unable at 
present to cope with them, nearly all the leading prizes for 
'^Any^^ rifles falling to users of these weapons. However, 
the remarkably brilliant scoring of the Irish team in the Elcho 
Shield Match (all but one being armed with Rigby B.L. rifles 
on the American plan) shows conclusively that we were not 
far behind them in the dubious merit of producing such a 
useless type of weapon. The aggregate score of the Irish 
team upon this occasion is no less than 28 points in excess of 
their fine M.L. score in 1878. In the M.B.L. competitions 
the Metford rifle takes a prominent position, a sprinkling of 
prizes falling to the other rifles. Perhaps it is proper here to 
call attention to the almost total absence from the long range 
prize lists of the Government pattern Martini-Henry, and rifles 
carrying similar ammunition ; this peculiarity may be noticed 
in the N.R.A. reports for the last few years, and is in itself 
most suggestive of the value of this class of weapon for 
accuracy of fire at the extreme ranges. 
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1881. 

Again this year were the leading prizes in the Any rifle 
competitions taken by American rifles. In the M.B.L. com- 
petitions the Metford rifle met with a more qualified share of 
success than had fallen to its share during the few preceding 
years. For the first time since 1873 it failed to secure the 
Duke of Cambridge's prize, which fell to a Webley-Wyley 
rifle, the same wefipon securing the first prize in the Sec. of 
State for War^^ competition, *shot for at 900 yards. In that 
important long range shoot, the Bass,’^ the first prize was 
secured by a Fraser rifle. 


1882. 

Thoiigh several leading prizes in the Any rifle shoots 
fell to American rifles, they were not so sweeping in their 
success as in the two previous years, probably owing to the 
fact that no visitors from the U.S.A. attended Wimbledon 
this year. In the M.B.L. competitions the Metford rifles 
retrieved their reputation, winning the first prize in every 
shoot, a proportion of the other prizes only falling to other 
rifles. This year took place the great International match 
between teams of British volunteers and U.S.A. National 
(Juard. The match took place at Creedmoor, New York, 
nnd, either on account of our superior rifles or the superior 
shooting ability of our representatives, or most likely owing 
to both these points, we secured a somewhat easy victory, 
the weapons used being M.B.L. rifles (Metford^s and Webley- 
Wyley ^s) by our- men, and rifles of American manufacture 
by our opponents. The w'eather on the days of the match 
was not suitable for high scoring, consequently the figures do 
not show up well in comparison with the records obtained by 
both sides during practice, in which our men made some 
remarkably fine shooting, one man. Major Pearse, making 99 
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in a possible 10.*, nt ana 1000 yurd,, „even nhots nt 

each distance, firing' with a MetfonJ U.L. rifle. This fine 
score had, h,.w,.cor. b.H-n |m>vi«.i.^ly reached by Corporal 
Bates, who had made ;n> nt the .sjniie diKlanee.s in compcHtiun 
a short tinu* beforo, usiiiLr a Wrblev rith*. 

iss:i 

The Council of the X.R.A., haviiifr at lentrth ronlisrd the 
fact that the continued use of Any B.L. ri!lt*s workeil on 
the American plan was prejudicial to tin* best interests of 
both rifle making and rifle shooting, resolveil this year to 
prohibit the plan of wiping out betwe(‘U sliots — thus putting* 
an end to the practice. Their action in this rt‘spfct met with 
almost universal approval from all true lovers of ilu‘ rifle, tlio 
only regret being that so many years had been allowed to 
elapse before such a step had been found necessary. 

They, however, rather weakly allowed the long obsolete 
M.L. rifle to still appear in tliese coni])etitions. Om* result of 
this new arrangement was the almost total disappearance of 
the American rifles from the prize lir%ts. In the M.B.L. compe- 
titions the Metford rifle was again successful, s(‘curing nearly 
every first prize, tliough, on three occasions aAVebb'y, and once 
a Fraser, rifle take respectively tlie second place. A team of the 
U.S.A. National Guard attended Wimbledon for the ])urpose 
of shooting a return match with a team of our volunteers, 
similar to the match shot in tlu^ previous year at Ci'eedmoor. 
This interesting shoot took place on the two last days of 
the meeting, finishing in most unfav<iurablc %veather, and 
resulting in a second defeat for the Americans, wlioso rifles 
and ammunition appeared to require such delicate manipu- 
lation as to show’ that they were undoubtedly inferior for all 
purposes to those in use by the home team. 

For a numlier of years the shooting of the Government 
pattern M.H. rifle in the second stage of the Quoen^s Prize 
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had been so remarkably erratic, particularly at the extreme 
range of 1000 yards, as to cause considerable dissatisfaction 
with the weapon among riflemen. In 1882 the shooting in 
this competition was of such a character as to require some 
steps to be taken to prevent for the future such a disgraceful 
exhibition as that afforded by the firing at 1000 yards on 
this occasion, in which considerably more than half the entire 
number of shots fired missed the targets. The Council of 
the N.R.A. determined to strike off the 1000 yards distance 
as beyond the powers of the weapon as far as accuracy of 
fire is concerned. Consequently this year, for the first time 
since the establishment of Her Majesty^s prize, the " power 
and accuracy of English rifles and the skill of English volun- 
teer riflemen’^ was not shown to the world at other long 
ranges than 800 and 900 yards. That a weapon costing 
so much to the nation, and specially designed and introduced 
as a long-range arm, should be the discreditable means of 
causing the conditions of so important a rifle competition 
to be altered and debased after existing for more than 
twenty years, is a fine commentary on the system by which 
such an arm was selected, manufactured, and foisted upon 
the nation. 

Having now traced the shooting development of the present 
target rifle down to a recent period, I shall proceed to sum- 
marise the main steps in its progress to its present very per- 
fect state. 

It will be seen from the record I have been able to give my 
readers that in this country the rifle has progressed on dual 
lines since the production of the Enfield rifle or large bore 
on the one hand, and the small bore,^^ introduced by 
Whitworth, on the other hand. The former type of rifle has 
existed down to the present time (though now its continuance 
in the service can only be for a limited period) without any 
material improvement or modification other than that involved 

H H 
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in the conversion of the M.L. form of this rifle to the Snider 
B.L.^ a slight change in the bullet from a paper wrapped one 
to a naked cannelured projectile well coated with wax, being 
the chief alteration, the internal details of the barrel and 
external form and arrangements of the arm remaining 
unaltered. The latter type of weapon, the small bore,^^ 
has passed through some most important stages before 
suffering the inevitable change from M.L. to B.L. Though 
presented to the rifle world in a most complete state, 
objection was taken to the form of projectile then supposed 
to be absolutely necessary to the display of the high degree 
of accuracy of fire undoubtedly possessed by this rifle at long 
ranges, even in its earliest days ; and the important result 
that we may consider absolutely depended upon the substi- 
tution of the smooth cylindrical bullet (the possibility of the 
breech-loading system) for the mechanically fitting one 
justifies us in looking upon the introduction of the former 
projectile to the exclusion of the latter as a most important 
step. Like similar strides in other mechanical questions, it 
does not appear to have been whplly made or perfected by 
any one individual, though there can be no doubt that 
Mr. Metford has done perhaps more than any one else to 
perfect and popularise this now universally-adopted form of 
projectile. The introduction of the B.L. system to the small 
bore rifle has been a work of considerable time, and has 
moved with slow steps before arriving at the degree of per- 
fection in accuracy of fire so early attained by the M.L. 
rifles of this class. A great proportion of this retardation of 
development has no doubt been caused, in the first place, by 
the weight of the Government example in adopting a 
defective form of cartridge shell, and so leading astray in this 
respect for some time both rifle makers and users; and in 
the second place, the pernicious effect upon legitimate long- 
range rifle manufacture of the hybrid American model B.L. 
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rifle, which had to be wiped out carefully between each two 
successive shots — a style of using a rifle so ridiculously absurd, 
that even the high degree of accuracy of fire so obtained 
could never justify the acceptance of such weapons by the 
general rifle user, though perhaps one step in the education 
of the public in rifle matters may in some degree be attributed 
to this type of rifle. Since 1864 it had become not only a 
fashion, but among a large and growing section of rifle shots 
a settled belief, that a rifle barrel to shoot at all accurately at 
long ranges must be grooved on the plan of an increasing 
spiral or varying twist. The dissemination of Mr. Metford^s 
theories had largely to do with this notion ; but the American 
rifles were, without exception, grooved with an uniform spiral 
of rapid pitch, and their shooting has proved beyond all 
doubt that the supposed excellences of the varying twist 
exist only in the imaginations of its advocates. We have 
fortunately quite got rid of the wiping-out nuisance, and the 
influence of the Government cartridge is practically nil, so 
we may now hope to advance and reach a still higher degree 
of perfection with what may be considered as our national 
weapon. 

The Whitworth Rifle. 

Although now a matter belonging only to the history of 
the modem long range rifle, the weapon being itself obsolete, 
I cannot leave this portion of my subject without giving a 
short account of what is no doubt the most important step in 
rifle development that has been taken in the present century, 
or indeed in the history of these weapons. 

In 1854 Sir J. Whitworth was applied to by the military 
authorities for his aid in investigating the mechanical principles 
involved in the construction of what was desired to be the 
most perfect rifle attainable for military purposes. The high 
position held in the mechanical world by this gentleman fully 
justified the application made to him, and one result was 

H H 2 
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a grant of some 12,000?. or thereabouts made to him, for the 
purpose of enabling his experiments to be carried out in his 
own thoroughly exhaustive manner. As an illustration, one 
of his first steps was to erect a covered gallery 500 yards in 
length, 20ft. high and IGft. wide, in which all the necessary 
firing could be carried on without any disturbance from atmo- 
spheric changes. He was restricted to a certain charge of 
powder, 70 grains (then unfortunately of inferior quality), and 
to a weight of bullet, 530 grains, and of course the weight of 
the complete arm was not to be materially different from the 
then average weight of such weapons, and less if possible. Th(‘ 
main defects in the existing Enfield model rifle, viz., its high 
trajectory, susceptibility to wind influence, and defective 
accuracy at any but the shorter mid-ranges, he attacked in 
detail, proceeding step by step, until he proved that in every 
point the Enfield model was defective — in calibre, length of 
bullet, pitch of rifling, &c. Having decided to r(‘duce the 
calibre from *577 to *450, his researches into the question of 
pitch or twist of rifling were carried out so thoroughly that lu‘ 
experimented on barrels rifled with every degree of sj)iral, in 
variations of Sin. from the Enfield twist of one turn in 78in. to 
one turn in li?i., and in this way exhausted the subject, and 
arrived at the conclusion that the best twist for a rifled musket 
is one turn in 20in., the bore being *450. This construction ht‘ 
ascertained to give the best results with the charge of powder 
and weight of bullet, and weight of arm. To such he was 
limited, but he distinctly states that if any modification was 
necessary it would be in the direction of a rather more rapid 
degree of spiral. It will be seen that by retaining the same 
weight of bullet as the Enfield in a much smaller calibre, th(‘ 
projectile must be much increased in length. This is the case, 
and is a most important feature in the Whitworth system ; 
indeed, he says : I have always contended that the primary 
element of success in long range shooting is length of 
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bullet/^ necessitating, of course, quick rotation, to insure 
accuracy. 

The conclusions arrived at in these experiments have not in 
any material point been improved upon since their first publi- 
cation, and every variety of small bore rifle is based upon 
Whitworth^s proportions in these particulars. The one 
detail that has since been overthrown is the mode of rifling 
or grooving the interior of the Whitworth barrel, and his plan 
of mechanically shaping his bullet to fit it. There can be no 
doubt that this mode of construction was adopted mainly in 
consequence of the poor quality of the service powder originally 
supplied to Whitworth, which he describes as the siftings of 
the cannon powder, and was wholly unequal to the work of 
expanding or upsetting the bullet in an uniform and reliable 
manner ; by securing the engagement of the bullet and the 
rifling mechanically, this difficulty was overcome, and a 
fruitful source of wild shooting done away with. 

Another feature at that time highly thought of in con- 
nection with mechanically fitting bullets was the opportunity 
afforded of using extremely hard projectiles, and so obtaining 
a great amount of penetration. Bullets of hardened and 
tempered steel have been fired from an ordinary Whitworth 
rifle, at an angle of 45 degi’ees, through a half-inch iron 
plate, punching out a clear hexagonally-shaped hole ; such 
work cannot, of course, be obtained from any of the modem 
plans of grooved rifling firing smooth cylindrical bullets, 
n^he first objection urged against this combination was the 
expense of the ammunition ; and to meet this a cylindrical 
bullet was introduced; but the accuracy of fire when these 
were used was considerably reduced, it being some 15 per 
•cent, less than with the mechanically fitting bullets. As has 
been stated, it was soon discovered that better results with 


* Report of Committee on B. L. Rifles. London, 1869. 
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the cylindrical bullet could be obtained if other than tha 
Whitworth plan of rifling were used; thus the modern 
methods arose, and the advent of the breech-loader made 
possible, which would never have been the case while 
fitting projectiles were considered indispensable. It can be 
easily understood that, having met with such a decided 
success at the earliest stage of the introduction of his plan of 
rifle and ammunition to the shooting world. Sir J. Whitworth 
was exceedingly unwilling to lay aside what had produced 
such magnificent results, and therefore did not modify those 
details in his arrangements that grew out of accord with the 
progressive spirit of the times ; though, as late as 1876, ho 
produced a B.L. rifle upon a modification of his plan, having 
an increased number of grooves, and still retaining th(v 
fitting projectile, whose use in a B.L. rifle required a com- 
plication in the form of cartridge and chamber recess that 
was found to be of no equivalent value. In addition to those 
principles that form the foundation of long-range rifle con- 
struction, for which we are indebted to Whitworth, this 
branch of manufacture has permanently benefited by the 
highly accurate and superior tools and processes introduced 
by him, for, until he became interested in the question, there 
was no proper system of sizes nor accurate measurements 
employed in those details of rifles that subsequent experience 
has proved to depend entirely upon extreme correctness of 
proportion for the accuracy of fire obtainable from the 
weapon. Indeed, when we come to consider the great and 
unmistakeable advantages that have accrued to the nation 
in consequence, it will be readily conceded that very rarely 
has public money been laid out to better purposes than in the 
grant to Whitworth thirty years ago. 

As a record of what amount of accuracy of fire the 
Whitworth rifle was capable, I may state that a diagram 
has been obtained at the 500 yards range with a moan 
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deviation of 3*25 inches ; and at the 1000 yards range a mean 
deviation of 10*5 inches j in each case a series of 20 shots 
constituted the group. The annexed figures show views of 
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the Whitworth mechanically fitting bullet, and an enlarged 
section of a barrel showing the plan of grooving ; the bullet 
is divested of its paper jacket. 
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CHAPTEE III. 

THE “ANY RIFLE” AS USED FOR MATCH 
SHOOTING. 


Had the subject-matter of this chapter to be considered a 
year or two ago the varieties of rifle then existing, and 
coming under the head of Any ” rifle, as defined by the 
N.R.A. conditions for the regulation of the Wimbledon 
Meeting, would have been so numerous as to have required 
some large amount of space for their due treatment ; but as 
the effect of recent legislation by the council of the N.R.A. 
has been to practically narrow the Any rifle down to what 
may be considered as a superior kind of M.B.L. rifle, I shall 
confine myself to enlarging upon those points in which the 
present B.L. ^^Any’^ rifle differs from that weapon. As to 
the M.L. rifles, though their use is still permitted, I shall 
consider them as obsolete, which they undoubtedly are as far 
as the modern sportsman is concerned. The ^^Any,^^ or 
Match rifle in its present form is a B.L. rifle that must be 
fired continuously f that is to say without wiping out or 
cleaning between shots; it maybe 101b. in weight, or three- 
quarters of a pound heavier than the ordinary M.B.L., a point 
in its favour, as a heavier bullet may be fired without any corre- 
sponding increase in recoil being felt by the firer. This rifle 
may also have the pistol grip, a shape of stock not permitted 
in a military rifle for some abstruse reason or other, though, 
as we have seen in treating upon sporting rifles, it is always 
used in these latter weapons ; but the characteristic feature 
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in this class of rifle is the elaborate sights that are permitted 
to be used upon them. These sights, called Aperture or 
Orthoptic ” sights, are the outcome of considerable ingenuity 
on the part of gunmahers and others, and were probably 
never contemplated when the career of the Any rifle, as 
distinguished from the ordinary Military arm, was commenced, 
in fact we find in the earlier Reports of the N.R.A., several 
complaints upon this score. Still, there can be no doubt that 
sights of this kind are a great advance upon ordinary open 
sights, as far at least as in localising the aim, though it appears 
that to bring out their full value the weapon with which they 
are used must be capable of discharge with the minimum of 
muscular exertion, as, without an abnormally light trigger pull, 
the fine adjustment of aim these sights permit cannot be 
utilised. Whether it is advisable to continue and encourage 
the use of a class of weapon having such sighting arrange- 
ments as to require so light a trigger action as to be positively 
unsafe in ordinary use, is a question that deserves con- 
sideration, though probably an objection of equal value could 
be raised against the sights themselves as too delicate for any 
ordinary use, and, therefore, possessing that unnecessary 
artificiality which it is desirable to banish from so practical 
a tool as a modem rifle should be . The tendency, however, 
of modern progress in this particular has been slightly in 
the direction of simplifying these details, but, the difference 
in practical utility between the ordinary M.B.L. and the 
Match rifle is so markedly in favour of the former, and the 
superiority of the latter in point of mere accuracy is so slight, 
that we are justified in looking forward to the time when the 
Match or Any ” rifle, with its impedimenta, will be 
completely replaced by its more generally useful and more 
widely appreciated rival. It is quite true that long range 
rifle shooting would not have arrived at its present pitch of 
perfection if it had not been for the work done in the past by 
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the Match rifle and its devotees ; and a similar remark would 
apply to other matters in the rifle world now gone and past. 

That the experimentalist will always avail himself of every 
contrivance calculated to further his researches we may be 
quite sure, but that is no reason why a type of rifle, purely 
experimental, and of no possibly practical use in the field, 
should continue to be allowed in public competitions, such as 
at Wimbledon, to the detriment of other more useful and 
popular weapons. 

The method of aiming with rifle sights through holes or 
apertures instead of open notches is of some considerable 
antiquity, and various devices for this purpose will be found 
fully described and illustrated in that ingenious old work 
" Scloppetaria,^’ in the chapter on sights, pp. 124 to 150. 

The modern form of aperture sights, both back and front, 
first appeared on the match model of the Whitworth rifles 
about 1861, and the credit of their re-introduction must be 
shared by Lord Vernon and Mr. Leece. There have been 
endless variations in form and detail, but the main features in 
these sights as now used is as follows : A circular screen or 
eye-piece of such a size as to shut out nearly all extraneous 
objects when the eye is applied sufficiently close to it for a 
proper aim to be taken through a small pin hole or aperture in 
the centre of the screen. This hole varies in size in different 
specimens according to the fancy of the user, or perhaps in 
proportion to the distance he is in the habit of maintaining 
between his eye and the screen when using the same, a small 
hole answering if the eye is closely applied, and a larger being 
necessary if the eye be farther removed, the same sized field 
of view being retained. This screen is mounted upon a slide, 
having some inches of vertical movement upon the sight loaf 
controlled by a screw, and capable of being set to a minute 
degree of accuracy by means of a graduated scale gcuemlly 
furnished with a vernier to facilitate adjustment. The leaf is 
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mounted upon a strong hinge joint, and forms what is called 
the ^^back aperture sight,” specimens of which are shown on 
the folding sheet of figures accompanying this page at Figs 158 
and 160. The front aperture sight is of various forms to suit 
individual tastes and the exigencies of changes in light, &c* 
At one time a large variety of these difEerent patterns was in 
use, but of late the general tastes seem to have settled upon 

O O 

Fig. 161. Fig. 162. Fig. 163. Fig. 164. 

Solid Bead. Hollow Bead. Calliper. Split Bar. 

the above : These, in various sizes adapted to the varying 
size of the bullseye as seen from the difPerent ranges, are now 
considered suflBicient for all purposes. 

These front apertures or diaphragms, as they are sometimes 
called, can be fitted at will into a holder or shade that is 
mounted upon a slide having a small amount of lateral motion, 
for the purpose of compensating for the wind allowance that 
may be required ; in addition, a spirit level is aflSxed, for the 
purpose of checking the position of the rifle from shot to shot, 
which can by this means be easily done while aiming. Two 
specimens of these sights are shown upon the annexed sheet 
at Figs. 157 and 159, one showing the wind gauge scale to the 
front, and the other a view from the near or aiming side, 
showing the spirit level ; this sight, as is shown in the illustra- 
tions of match rifles, is attached near the muzzle of the rifle, the 
back sight being almost invariably fixed near the heel of the 
butt. In this way a considerable distance is secured between 
the two sights, facilitating their alignment. The method of 
using these sights when they are properly affixed to the rifle is 
as follows : the user adjusts, by means of the vertical scale on 
the back sight, the angle of elevation of the arm to the 
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desired amount required by the range at which he is about to 
fire ; then, by a similar lateral adjustment of the front sight, 
he compensates for the efiPect upon his bullet of any side wind 
there may be blowing ; then, getting into a suitable position 
(with rifles whose sights are fitted as shown in the figures, the 
back position is of course imperative) he brings his eye to the 
small pin hole in the screen of the back sight, when his field of 
view is restricted to a small proportion of the landscape, the 
central point of which is, of course, the target with its bullseye. 
Supposing him to have the hollow bead front-sight, he then 
encircles or frames the bullseye with the ring of the sight, at 
the same time centering the whole in his field of view. In this 



Fig. 165. Solid Bead. Fig. 166. Hollow Bead. 


he is assi.sted by the circular form of the front sight shade or 
holder. When all is duly concentric his aim is perfect, and 
he may venture to fire. It will be easily understood that some 
considerable practice is required before these sights can be 
fully utilised, and indeed the whole manipulation involved is 
of a most special and delicate character if the very hight‘st 
results are to be obtained. 

The annexed illustrations will give some idea of the 
appearance of the target when aiming with each pattern of the 
fore sights I have illustrated. Fig. 165 shows that when the 
“ solid bead is used, the bead should be of such a size 
as to enable us to conceal the bullseye, by covering it with 
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the sight itself. This may seem rather a vague style of 
aiming, but that the eye is able to accurately carry out this 
method is shown by the fine work accomplished by men who 
use this sight as a rule in preference to any other. For 
example, Capt. P. T. Godsal, whose shooting for some years 
at Wimbledon has been of the highest character, invariably 
uses this sight. 

When the ordinary size of hollow bead is used the bullseye 
is shown framed, as in Fig. 166, and this sight is a general 
favourite ; but a fine light is absolutely necessary for its 
successful use with most persons. 

Some years ago the use of a very large sized hollow bead 
was introduced by a well-known shot in the North of Ireland, 
the appearance of which upon the target is as in Fig. 167. 



Fig. 167 . Large Hollow Bead. Fig. 168 . Calliper. 

It would be scarcely thought possible that really fine work 
could be done with such a sight, but to those accustomed to 
its use there appears to be no difficulty in fine scoring. The 
actual size of the hoop or ring approaches *2 in diameter, 
and looks so huge as a sight that one of the mild jokes 
current among rifle shots arose from the fact that on one 
occasion, when a member of the English Eight, of rather 
slight physical proportions, was observed using such a sight, 

some one remarked What on earth does D want with 

such a sight as that ? ” The reply was Oh, when he has 
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finished shooting he amuses himself by crawling backwards 
and foi'wards through the hoop/^ 

The calliper sight exhibits the appearance as in Fig. 168. 
This sight is an exceedingly rigorous test of steadiness, 
as the slightest pulsation causes the points to appear to be 
alternately thrust into the bullseye. 

The split-bar is generally used as shown in Fig. 169, though 



Fig. 169 . Split Bar. 


some who use this sight largely have a semi-circular depression 
to fit the bullseye in addition to the split or daylight line. 

In addition to the forms of sights of this class already 
illustrated I give what is considered to be a model embracing 
several improvements, manufactured by Messrs. D. and J. 
Fraser, of Edinburgh, and invariably fitted to their target- 
rifles, as will be shown in due course. 

It will be seen from the illustration of the back sight here 
given that the mode of raising and lowering the slide 
carrying the eye-piece is very different from the usual 
method employed ; not that this arrangement is wholly novel, 
having been introduced in the sights used upon the American 

Sharps model rifles. Instead of the long thin draw screw 
this slide is controlled by a short screw of large diameter 
having for its female screw each side of the main vertical slot 
in the leaf. The screw itself is deeply marked upon its 
peripheiy by vertical lines dividing its circumference into 
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a seriei 5 of parts, so that when this is moved by the fingers 
the amount of lateral motion shown by one of these divi- 
sions on the screw indicates that the eye-piece has received 


a minute amount of vertical movement. 
Upon the outer edge of the leaf is marked 
the coarser graduations required, without 
any vernier scale arrangement, the place 
of which has been effectively supplied by 
the divisions upon the screw itself. It will 
be noted (see Fig. 170) that the eye-piece 
of this sight is much smaller in diameter 
than in the other specimens shown, but 
this can be remedied if found necessary 
by fixing on an indiarubber cup of any 
required size, an expedient indeed often 
resorted to with those sights having eye- 
pieces of ordinary pattern, as thus the eye 
of the firer can be placed quite close to the 
sight without risk of receiving a blow from 
the recoil of the piece during firing. This 
back sight is usually mounted upon the 
rifle in such a manner as not to require 
taking off at the conclusion of practice, 
and re-fixing before commencing firing. 
For this purpose a trough or cavity is 
made in the comb or upper edge of the 
butt, in which the sight drops when folded 
down, and in which it is securely protected 
from damage. 

The front sight offers no very remarkable 



Fig. 170 . Fbaseb’s 


features of difference from that of the Sight. 


ordinary pattern, other than the arrangement of spirit level, 
which in this case is let into the shade or body of the sight, 
instead of being attached in front as usual. The field of view 
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is also much larger in this construction, though these modifi- 
cations throw the line of sight somewhat higher above the 
axis of the barrel than is the case with the sights of the 
ordinary pattern. The tubular shade (Fig. 172), capable of 



Fig. 171 . Fbaser’s Fore Sight. Shade. 


attachment either on the near or far side of the sight, 
according as the sun may be at the back or in front of the 
firer, is no doubt a most useful feature, and one of great 
value to the rifleman. 

The Vaeious Kinds of Divisions ok Scales upon Apeetuee 

Sights. 

Owing to the differing views of rifle makers and others 
connected with the manufacture and use of rifles having these 
sights attached, several styles of scales have been adopted for 
the purpose of registering the amount of elevation employed 
with the rifle at any given distance, and also to enable the 
firer to make any required alteration in a simple and easily 
understood manner ; the conditions involved in rifle shooting 
not permitting the mind of the operator to be employed in 
abstruse considerations, as his attention is generally fully 
occupied in observing and combating external antagonistic 
influences. The one constant value to be considered mainly 
in the construction of such a scale is the distance between 
the front and back sights ; and it is found that if this be taken 
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as the radius of a great circle^ and a scale marked upon the 
back-sight (actually a tangent to this circle) whose smaller 
values as given by a vernier are equal to min/utes of this 
circle^ such a scale will have two advantageous features^ {a) 
it will not be too fine, to ofEend the eye — ^as rifies are usually 
made; and (6) it will give definite and easily remembered 
equivalent values upon the target for each and every range 
fired at. It is not necessary here for me to give a description 
of P. Vernier's ingenious arrangement for sub-dividing the 
larger divisions of a scale, as such an explanation can be found 
in several of the works upon such subjects,* though it is a 
matter quite necessary for every rifieman to master. When, 
as in the old pattern match rifies (with the back sight fixed 
upon the grip), the sights are three feet apart, one-hundredth 
of an inch upon the back sight is practically equal to one 
minute of angle, therefore such sights were so divided as to 
give upon their verniers *01, whose equivalent value upon the 
target was as many inches as the range fired at is in hundreds 
of yards ; for instance, lin. at 100 yards, 2in. at 200 yards, 
5in. at 500 yards, &c. Though rifies are seldom now made 
with these sights three feet apart, the same rule holds good in 
all cases ; but the scale upon the back sight has to be modified, 
that is to say, made coarser if the sights are wide apart, and 
finer if they are closer together than our standard three feet. 
Thus we find that when the sights are four feet apart, as upon 
most modern match rifles with aperture sights, the vernier 
division of the scale is inch, this being the practically 

linear value of one minute of angle upon a circle of four feet 
radius. When, on the other hand, as in most M.B.L. rifles, the 
sights are but two feet apart, the linear value of one minute is 
but the 150th of an inch, but in each case the same equivalent 
upon the target is obtained, as is obvious. No sight can be 

* ** Drawing and Measuring Instraments.** By J. F. Heather, M.A., No, ISS. 
Weale’s series. Lockwood and Co., London; 1871. 
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considered as correctly divided if its scale is not marked upon 
this basis^ and it has happened probably from pure inadvertence 
that a rifle having a back sight scaled for a four foot radius 
has had its sights rather less than that distance apart^ leading 
some to believe that such a rifle shot with a remarkably flat 
trajectory since it required so much less elevation between 
ranges than did other rifles.^^ 

The happy manner in which the minute of angle fits in with 
our required target values has led an influential section of the 
rifle world, headed by Mr. Metford, to use the technicalities 
of degree and minute,^^ to signify their sighting work 
in their common conversation on angular value of elevation. 
So far so good ; but it occurs to me that some slight miscon- 
ception may arise from such nomenclature becoming current. 
For instance, in comparing the angles of elevation of the 
Metford rifle and the Government Martini-Henry, we find it 
stated, at page 195 of this volume, that the maximum angle 
of the former at 1000 yards is 2° 20\ An authorised 
statement is made that the angle of the latter rifle at the same 
range is 2° 52' 46". Now this latter angle is measured by a 
clinometer (a well-known instrument for this purpose) and 
from the weapon when fired in a machine rest. Mr. Metford^s 
angle is obtained, as he tells us on pp. 224 and 226, in no 
such manner, but by a method which mixes up other 
extraneous questions with this particular matter, therefore, 
I think it rather a mistake to allow the divisions upon rifle 
sights to be spoken of as degrees and minutes, unless they are 
really so, and actually measure the exact angle contained 
between the axis of the barrel and the line of aim at the 
moment of firing. It is but a small matter certainly, but it is 
as well to avoid error if possible, especially when by calling 
the. minute spaces points’^ all possibility of clashing with 
the true angular values, when these latter are stated, is done 
away with. Several rifle makers adopt this view, and it can 
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be no greater hardship for a man to allude to his elevation as 
135 points, than to indulge in the misleading denomination 
of 2 degrees 15 minutes. The scales upon the front sight, for 
compensating side deviation of the bullet by the action of 
wind, rarely require to be as finely graduated as the smallest 
value obtainable upon the back sight, and therefore a vernier 
scale is a superfluous complication here. The front scale 
only needs dividing into spaces equal to not less than two 
minutes of angle upon the back sight; thus, with sights three 
feet apart, the scale upon the front sight would be divided 
into 50ths of an inch ; indeed, some consider this as too fine 
and trying for the eye, and prefer 25ths, it being quite easy 
to adjust these to halves when it is necessary. 

From the fact of the B.L. Any*^ rifle having only, as it 
were, just sprung into existence, there are but very meagre 
data as to its excellence of performance or otherwise, as com- 
pared with the highly accurate shooting of its very artificial 
predecessor ^^the swabbed out one.^^ No doubt the coming 
season will show that most excellent work can be done with a 
B.L. rifle fired continuously, as our M.B.L. has already 
shown ; and could we only eliminate the remaining artificiali- 
ties of this class of weapon, no doubt we should obtain some 
really useful information. I might give my readers some 
information on the most generally approved sizes of apertures, 
both for back and front sights, but such data are purely 
technical, and I find each rifle maker in this branch of business 
has his own particular views, shared more or less by his 
customers, and this renders it unnecessary for me to approach 
the subject. The question of ammunition for these rifles, and 
the best methods of loading, are also points to which the 
same remarks apply, full instructions being supplied for each 
kind of rifle by its maker, and rarely are there many points of 
coincidence in these details, though all strive to reach the 
same goal — ^the bullseye.^' 


I I 2 



CHAPTER IV. 

THE SERVICE RIFLE AND ITS AMMUNITION. 


Immediately upon the successful conversion of the large-bore 
Enfield M.L. rifle to the Snider B.L., attention was at once 
directed to the advisability of a similar development of the 
small-bore M.L. rifle for the purpose of obtaining a B.L. rifle 
having much greater accuracy, range, and power than the 
Snider possesses. For some considerable time this question 
of a good small-bore breech-loading rifle was before the 
public in a very crude state, some wonderful and, indeed, 
fearful mechanical arrangements called breech actions being 
from time to time produced, and sinking to oblivion one after 
the other, generally after blowing off some unfortunate indi- 
viduals fingers, or otherwise maiming bold but rash experi- 
mentalists. The authorities at the War Office took up this 
matter in their usual way, first offering a reward to gunmakers 
and others for the best rifle and its ammunition, complying 
with certain conditions laid down by them. A number of 
inventions were brought forward in compliance, more or less, 
with these conditions, and a sub-committee was appointed to 
adjudicate on the matter, care being taken to have no person 
on the committee who, from previous training or experience, 
possessed any knowledge whatever of the complicated 
mechanical, and other questions involved in the construction 
and detail of a rifle and its ammunition ; though some conces- 
sion to common sense was made by placing a celebrated rifle 
shot on the committee. After continuing their labours for 
nearly three years, during which period, as their printed 
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reports show, they developed preEtty fully their striking 
incapacity for the work they were selected to perform, they 
finally selected the breech action of P. von Martini and the 
barrel bearing the name of Mr. Henry, of Edinburgh, to 
be incorporated together by the staff of the small arms 
factory at Enfield, into what was to be a model long- 
range arm of precision. This stage in the histoiy of the 
weapon did not pass without considerable cost to the 
nation, as some in authority turned inventors, 
and a considerable amount of time, and 
large sums of money, were thrown away 
in safety locking bolts,^^ trigger and 
tumbler rests,^^ devices quite extraneous to 
Martini^s invention, and long since consigned 
to the rubbish hole. The cartridge selected 
for this rifle (see figure), was the Boxer,” 
fully described at pp. 292, 295, but, for 
mechanical reasons connected with the breech 
action, it was found necessary to crimp or 
bottle-shape this cartridge to the form shown 
in Pig. 173, thus adding other grave objec- 
tions to this form of cartridge shell. A solid 
paper-covered cylindrical bullet, having a 
very slight cavity in the base, and 480 grains 
in weight, was used, with a wad of pure, hard 
beeswax, between jute disks placed over the 
powder (85 grains). This cartridge was at 
that time highly thought of by the officials Cabtmdgb. 
connected with the Government establishments and concerned 
in its production ; and, in a comparison between the relative 
value of this shell as contrasted with the solid drawn one, 
when it comes to the question of the re^ective values of 
the two kinds of shells for shooting, we find that in the 
absence. of any direct experiments it is stated that, in ^'GoL 
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Boxer's opinion the superior shooting 
of his model shell was^" &c.^ &c.y a 
feiir specimen of the ability of the 
committee in the matter of obtaining 
evidence. At length the rifle was 
launched before the public^ and met 
with a storm of disapprobation, in 
some respects unreasonable, and with 
an equally unreasonable amount of 
support from its partisans. However, 
the lapse of time has shown that, as 
an accurate long-range weapon it 
has proved to be a complete failure, 
though it may not have broken down 
so utterly in every respect as its worst 
enemies prophesied it would. 

Having the good fortune to be 
brought directly into comparison in 
the matter of short and mid-range 
shooting with a feeble large-bore 
weapon, like the Snider, its generally 
marked superiority to the latter at 
these ranges has gone far towards 
condoning in the eyes of the rifle 
world its other numerous short- 
comings. Setting aside the defects 
of the cartridge and barrel^ the 
breech mechanism has turned out to 
be much better than was expected, 
and would possess few defects if the 
hand of man was about twice the 
average size, and if delicacy and 
uniformity of trigger -pull was not 
a factor of importance in a long 
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range arm of precision ; and last, but not least, if it was not 
an ascertained fact of tbe gravest importance that small bore 
rifle barrels must be cleaned or wiped out from the breech end. 

The figure on page 486 represents the distinctive parts of 
the now tolerably familiar outside appearance of the Martini- 
Henry rifle. It shows the unfavourable situation of the 
trigger, and the wide stride of the hand and finger required 
to grip the weapon and manipulate the trigger in the act of 
firing. The main handle or under lever used in opening 
the breech is no doubt an excellent arrangement for military 
purposes generally, though it is alleged that in the Martini- 
Henry carbine, used by the cavalry, it sometimes becomes 
entangled mth the reins. The interior mechanism of the 
Martini breech is not so familiar to the users of the rifle as 
it should be, and I propose to give a short description of it 
and its peculiarities, without being too strictly technical, and 
refer my readers to the accompanying illustration (Pig. 175) 
showing a vertical section of the breech-action through its 
centre, the tumbler and trigger not being section-lined for 
the sake of clearness. 

The '^shoe,^' or metal framework, containing the com- 
ponents of the breech, is indicated by the letters (A A) within 
which on a hinged joint swings the block (B), whose motion 
is controlled by the main handle or lever (C), this latter 
also supporting the block in firing position, as shown in the 
figure. In relation to this function of the main handle it 
should be noted that, turning as it does about and upon 
the main axle (D), any resistance in closing the breech block 
is transmitted to this axle, though, as will be seen, this 
axle is the centre of motion of the "tumbler^' of the 
firing apparatus, and has to be moved round with this 
latter in each operation of firing. The block (B) contains 
the heavy firing pin (E) actuated by a powerful spiral 
spring abutting upon the hollow slotted stop-nut (P). The 
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firing pin is controlled by the tumbler lever (Gr), whose 
upper end engages into a slot in the former, the tumbler 
fitting securely on a squared portion of the main axle (D), 
this latter terminating on the outside of the shoe in 
a finger-like projection — the indicator, shown in the external 
view of the rifle (Fig. 174). Thus this axis can only turn and 
the indicator perform its functions when the tumbler itself 
works, as it does in the act of full-cocking and firing. When, 
by a downward movement of the main handle, the block is 
depressed, at the same time the tumbler is carried to the 
position of full-cock, its lower end engaging, by means of a 
notch or ^^bent,^^ with the trigger-scear (H), the same move- 
ment acts on the extractor — a bent lever shown by the letter 
(J), the lower side of the block first coming into contact with 
the end of the extractor lever at (J 1), and there exerting con- 
siderable force to withdraw the cartridge shell ; and then, on 
the continuance of the downward motion further operating 
upon the extractor with its extreme end at (J 2), with 
increased velocity of movement, thus giving the flip^^ neces- 
sary to the ejection of the shell from the trough formed by 
the upper surface of the block and the sides of the shoe. 
The cocking process is completed by the return of the block 
to the closed position, the firing pin being retained in its with- 
drawn position by the tumbler, supported by the trigger. 
When the block is moved upwards by the action of the main 
handle, the mainspring suffers increased compression from 
the stop-nut in the block ; this reaches its maximum when 
the block is in its place with the fork of the main handle, 
supporting it in position, as is shown in the figure. In 
consequence of the very short travel of the firing pin, and 
the manner in which a spiral spring so applied exerts its 
force, it has been found necessary, to avoid misfires with the 
regulation primer, to use a mainspring of some forty or fifty 
pounds in strength, when compressed as shown in the figure. 
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It will be easily seen^ on examining the relative length of 
the two arms of the tumbler lever^ that this pressure is 
transmitted to the trigger scear^ and that the points of 
contact of these two components (necessarily delicate and 
small in area for the purpose of obtaining instantaneous dis- 
engagement in the act of firing) must suffer from the effects 
of this great pressure^ as in fact they do^ and this is the 
chief cause of the defective and varying ^^pull off^^ of this 
rifie j and another cause^ as I have before indicated, the fact 
of the main axle labouring as it does under the varying load 
transmitted to it by the main handle in closing the breech 
against differing resistances, and then having to be dragged 
round by the tumbler in the act of firing. From this latter 
cause accidents have arisen that would have been avoided if 
Martini^s original design had been in this particular point 
carried out, as he made the tumbler turn upon and not with 
the main axle, so that any pressure upon the latter from the 
breech-closing arrangements could not affect the working of 
the lock mechanism. It will be observed that the main handle 
is secured in the closed position by engaging with a small 
spring catch let into the underside of the stock butt. The 
mode of attaching this latter portion of the stock to the shoe 
or frame of the breech action has been proved by experience 
to be fairly sound ; but, as this detail is carried out in the 
Martini, the grip,^^ or hand of the rifie, is caused to be 
unduly large at a point where any excess in size over the pro- 
portions of ordinaiy weapons to be used by ordinarily sized 
hands is extremely undesirable, to say the least of it, and 
might easily have been avoided in the first instance. 

The only other feature requiring consideration in this rifle 
is, that the barrel is rifled, as stated, upon the Henry principle 
— the model barrel adopted by the committee, and with which 

the shooting was made upon which they grounded tbeir 

beciBion to adopt it as tlio service arm was some three-quarter* 
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of a pound heavier than the present regulation models which 
only weighs about 81b, 7oz., while the barrels of the most 
approved modem M.B.L. rifles are nearly 51b. and upwards 
in weight. It needs but little practical acquaintance with the 
subject to appreciate the fact that a barrel so light is extremely 
unfit for use with so heavy a charge as that fired in the 
Martini-Henry rifle, while the cool audacity of still further 
reducing the weight from that of the first approved model is 
most refreshing. 

The annexed figures show a longitudinal section of the 
M.H. bullet, with the cavity in the base. This bullet^ 
weighing only 480 grains, is generally 
considered far too light in proportion to 
its calibre for accurate work at the extreme 
ranges ; but on account of the already 
great recoil of this rifle, due to the defec- 
tive proportions of barrel and cartridge, 
the use of a heavier bullet cannot be con- 
templated. The sighting details of the 
Martini-Henry are a distinct improvement 
upon these points in the Snider. The 
backsight with a wide opening in the leaf, introduced upon 
the Whitworth rifles, having been taken as the model, was 
placed upon the barrel much farther from the firer^s eye than 
had before been the practice, resulting in a great optical 
advantage in aiming. The use, too, of the flat edge of the 
elevating slide-bar of the sight instead of the notch or V, 
especially when combined with the wind-gauge lines marked 
thereon for lateral allowance, was decidedly a step in the 
right direction. Herewith is a table showing the chief points 
in connection with the shooting qualities of the Martini- 
Henry rifle, that it is advisable for the rifleman to become 
acquainted with : 



Fia. 176. 
M.H. Bullet. 



492 the modern sportsmans gun and rifle. 


Bange. 

'Mean 

Deviation. 

Angle of Elevation. 

Height of 
Trajectory. 

Velocity. 

Yards. 

Feet 




Feet 

Ft per sec. 

100 

0*09 

0° 

• 26' 

30" 

0*234 

1167 

200 

0*18 

0 

34 

30 

1*064 

1063 

300 

0-32 

0 

48 

46 

2*645 

982 

400 

0*41 

1 

4 

45 

5 074 

922 

500 

0*55 

1 

19 

0 

8-555 

869 

600 

0*77 

1 

40 

12 

13-155 

821 

700 

0-95 

1 

69 

9 

19-012 

778 

800 

1-20 

2 

17 

12 

26-360 

738 

900 

Iso- 

2 

38 

2 

35-307 

700 

1000 . 

lds 

3 

5 

42 

45-848 

664 


Taking it altogether this table may be considered fairly 
correct as a record of the performance of an individual rifle, 
it bears internal evidence that it can scarcely be the mean 
result of a number of weapons tested for the points illustrated, 
one noticeable feature being that the angle for 1000 yards is 
given as 8° 5' 42", as against 2° 62' 46", the angle given in 
another table of the results of experiments made some years 
ago. We may, therefore, while fully admitting that 
individual rifles vary several minutes of angle in elevation 
from structural causes, and that these experiments are also 
liable to be affected by the varying atmospheric conditions 
under which they are performed, venture to accept the angles 
given in this table as the more recent ones obtained, though 
it will be noticed that when we investigate the increase of 
angle between ranges, we shall And a rather peculiar trajectory 
curve; for instance, we find an increase between 500 and 
600 yards of 21' 12", while between 600 and 700 yards it 
is only 18' 57", and again between 700 and 800 yards only 
18' 3". There is evidently some slight error here, though 
between 800 and 900 and 1000 yards, the values given nearly 

It will be interesting to place upon record hero what may 
W considered as the finest resnJts hitherto obtained with the 

wtim-Henry rifle, firing the Government ammunition, in 
public competition, and therefore, being thoroughly bond fide. 
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At the late Middlesex Rifle Meeting held at Wormwood 
Scrubs, Private G. Rosenthal, H.A.C., made the following 
score, which is probably the best actually made under similar 
circumstances up to date. 


200 yards 4545555 = 33 

500 „ 5555555 = 35 

600 „ 5 4 5 5 4 5 5 = 33 


101 

The highest possible score being 105 marks. The shoot was 
made in the prone position, and with a rifle of private 
manufacture ;* this being, of course, in compliance with the 
Government viewers^ gauges, &c. 

At a M.H. competition of the North London Rifle Club 
this season the same gentleman made the following flne score 
under the new conditions of the Queen’s Prize ; 

800 yards 3355355454 = 42 

900 „ • 4554555345 = 45 

87 

The H.P.S. being 100 marks. This is probably the best 
score yet made under similar conditions. 

The New Maetini-Enfield. 

The shortcomings of the service rifle having at length 
become recognised by the official mind, the result has been 
that for some time efforts have been made to produce a superior 
weapon for the future arm of the British soldier. In 1880 a 
match was shot between teams of the Midland Rifle Club and 
the North London Rifle Club at the long ranges, and the 
scores obtained were so excellent as to cause some con- 
siderable amount of notice to be given to the subject, and 
surprise was expressed that the service rifle was not repre- 


• Sy P. Webley and Son, Birmingham. 
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sented in the shoot. For some time, however, this rifle had 
been conspicuous by its absence from the long-range prize 
lists at the Wimbledon Meetings. The authorities, stimulated 
by this occurrence, decided to appoint a sub-committee to 
investigate the question of an improved small-arm for the 
service rifle, and the researches of this committee, together 
with the efforts of the officials of the Enfield factory combined, 
have produced the new model weapon that I will endeavour to 
describe; though, as the final stage of experiment in some 
respects has not yet been passed by this arm, and it is in 
consequence not yet formally adopted into the service, my 
information is not so complete as I should wish it to be ; and 
changes in detail may yet be made, perhaps in some respects 
rendering my description imperfect. Externally the new 
rifle resembles the present one, as the same breech-action is 
used, the authorities not yet having realised, apparently, that 
among other points it is most necesssary that B.L. rifles 
should admit of cleaning from the breech end. Some conces- 
sion, has, however, been made in another direction, by an 
effort to reduce the size of the ^^hand by modifying the shape 
of the action at this point, but only to a slight extent. A 
most noticeable feature in the new gun is the novel form of 
the fore-stock, in which usually the barrel is embedded; 
whereas in the new pattern the barrel is not fitted into 
a groove in the wood, but simply lies upon the flat upper 
surface of the fore stock, to which it is attached in the usual 
manner by bands. This shape is adopted mainly in order that 
the barrel may be got at upon the whole of its external surface, 
so as to be wiped and oiled if necessary — much objectionable 
corrosion having taken place when the barrel is partly 
covered by the wood, as heretofore has been the invariable 
practice. 

A detachable wooden cap or cover is fitted to the barrel 
where grasped by the left hand of the firer, to prevent incon- 



THE NEW MABTINLENFIELD RIFLE. 


495 


venience from the barrel heating with rapid firing — a con- 
trivance introduced some twenty years ago by Westley 
Eichards. The sighting arrangements of the new arm are of a 
two-fold character, the fore-sight and back-sight are fixed upon 
the barrel in the usual manner and position, the back-sight 
being very similar to the present model, only that a laterally 
movable slide, that can be pushed from side to side with the 
thumb and fingers, and so adjusted in reference to a scale for 
wind allowance, is in this case combined with the usual verti- 
cally moving slide for elevation adjustment. This slide, when 
the sight leaf is folded down, is used for the shorter ranges, 
up to 500 yards, a short auxiliary fiap to suit this latter range 
is also fitted to the sight, so that it can be at once raised, and 
without further adjustment it will enable the arm to be 
effectively used through the entire dangerous space^^ covered 
by the weapon, when fired at that amount of elevation. The 
rifle as at present constructed has an additional set of sights, 
that can be attached when firing at extremely long ranges is 
considered necessary. The sights are fixed, when in use, at the 
left side of the weapon, the back-sight being merely a bar 
hinged so as to fold close to the barrel when not in use, and 
capable of being opened out so as to afford a fixed aiming 
base. The front-sight, having both vertical and lateral adj ust- 
ments, is fitted into a slot in the left side of the upper band, 
and, when opened out ready for use, is of an L shape, the 
vertical and longer arm sliding in the band slot, and graduated 
so as to permit of vertical adjustment for the required eleva- 
tion, while the shorter horizontal arm has a sight of the usual 
shape, that can be moved at will, to give the desired amount of 
wind compensation. The greater portion of the sight depends 
below the rifle, and the firer does not have to raise his head 
abnormally when aiming at an object, say 2000 yards off, but 
the lowering of the front sight elevates the muzzle of the rifle, 
and thus produces the desired effect. Of course it remains to 
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be seen if such sights are desirable or necessary^ or capable of 
being used in actual warfare. The next points to be con- 
sidered are those relating to the barrel and the cartridge. 
The barrel^ which is some ten ounces heavier than that of 
the Martini-Henry, is of a much smaller calibre, only 
•400 in diameter, or the 20th of an inch less than our 
present small-bore, the object in introducing this feature 
being, of course, to lower the trajectory, and make the chances 
of error in judging the enemy^s distance so much the less. 

• This has been attained to some marked extent, but not 
without some little sacrifice in return, as it is found that the 
bullet fired from this small calibre is rather more susceptible 
to the influence of a side wind than the more massive pro- 
jectiles fired from our ordinary M.B.L. rifles ; again, it may be 
questioned whether this small calibre — which is so much the 
more difficult to clean and keep in order, especially in a rifle 
with a Martini breech, where all the chafing must take place 
at the muzzle — ^the most vital part of the barrel in relation to 
accuracy of fire — ^will not rapidly get out of order. The 
Henry plan of rifling has not been applied to this new arm, 
but a variety of the ratchet instead, which the authorities 
at Enfield have cut in rather a quaint fashion ; that is, 
they have reversed the shape of the cut, making the long 
slope of the ratchet the driving side, instead of the shorter 
one, as is usual. As I have before remarked, there is but 
little advantage either way in small variations in form in plans 
of rifling, and this may be of use under the conditions existing 
in this particular arm and its ammunition. For instance, it is 
proposed to use an unpatched bullet, and, consequently, the 
paper shearing value of the usual form of ratchet groove is 
not wanted; and as there is no material change in the plan 
or substance of the lubrication employed in the cartridge, 
it is important to ofEer sloping surfaces to the gas blast 
(see p. 347). 
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As to other and more recondite questions they have prob- 
ably never yet entered into the minds of the designers of 
this arm. 

The cartridge is a solid bottle-shaped one^ 'with about the 
same proportions of powder and a little lighter bullet than 
those of the M.H. cartridge ; and no doubt^ under some 
conditions^ some very fine shooting has been obtained from 
this combination ; but I can say nothing either one way nor the 
other, except that we must wait to see it in the hands of our 
great and unequalled volunteer shots before we can fairly 
arrive at a proper estimate of the merits and defects of this 
new plan. 

The simple fact that professional advice has been, as 
usual, strictly avoided during the construction of this arm, 
would cause anyone versed in the rifle experiences of the last 
twenty years, to look rather dubiously on a weapon produced 
by merely military men and amateurs, though aided by the 
Enfield staff. But, unfortunately, this body, from their 
isolated position and necessarily restricted base of operations, 
making as they do but one type of rifle to their own stand^d 
of excellence, cannot possibly have the wide range of expe- 
rience only to be obtained in the general rifle business, and 
which should have been utilised by any committee dealing 
with so important a question as the future national weapon. 


K K 



CHAPTER Y. 

THE MODERN MILITARY BREECH-LOADING 
RIFLE, OR M.B.L. 


It will not be necessary in approaching this division of my 
subject to consider any other specimens of this class of 
weapons other than those of approved and currently existing 
types. I can, therefore, only allude to such early forms of 
the M.B.L. rifle as the Henry having the drawback of a 
side lock requiring to be cocked in the sam« manner as a 
muzzle-loader; the Westley Eichards falling block, an 
early type of self-cocking single rifle breech action, whose 
clumsiness of design and ponderous weight soon consigned it 
to oblivion ; the Soper, a more meritorious arrangement, 
full (indeed, too full) of ingenious mechanism, but which has 
latterly passed away from before the public ; and other more 
or less ingenious constructions that it is not now necessaiy 
even to name. I shall proceed to give descriptions and illus- 
trations of the four or five rifles that can now be considered as 
fairly before the public, taking them in the order of their 
appearance upon Wimbledon Common. 

The Fabquharson-Metfobd, by Gibbs. 

The first rifle we have to notice is the Parquharson-Metford 
rifle, made by Gibbs, of Bristol. Whatever may be the 
ultimate degree of success attained by rifles constructed on 
Mr. Metford^s principles, a large share of the credit attached 
to such success must always belong to Mr. Gibbs, to whose 
energy and perseverance it is due that the niceties of detail 
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and general accuracy of manu&cture these rifles specially 
require has been applied to them^ and in a manner to insure the 
success of the plan^ and establish it beyond doubt before it was 
in any way taken up' by other rifle makers. 

It is not necessary for me again to go into the special 
features of the Metford plan of rifling and bullet ; suffice it 



Fig. 177 . Sectional View of the Fabqvhabson Bbeech Action, 
BY Gibbb. 


to say that when carefully made^ and in good condition in 
overy particular of rifle and cartridge, the Farquharson-Met- 
ford weapon has given most excellent results. The breech 
.action is given in section in the accompanying engraving 
^(Fig. 177), in which most of the parts are shown in two 
positions — i.e., with the breech either open or closed. 

E K 2 
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The breech-action is in principle the invention of Mr*. 
Farquharson^ of Blairgowrie^ the originator of the shooting 
position bearing his name^ and was purchased of him by 
Mr. Gibbs as a registered design. In construction it is 
founded on the well-known block (A) lever (G) and link (B), 
first introduced in England as Sharps^ ; but Mr. Farquharson 
added a simple and effective mode of self-cocking^ consisting 
of a horizontal bar and cocking rod (F) swivelled to the fore 
end of the hand lever (G) and beyond its fulcrum. This bar 
engages in a recess, or notch, on the breast of the hammer (D) 
above the pin, or axle, on which it works ; when the hand 
lever is depressed to open the breech, the hammer is by 
this horizontal bar pushed back into the firing position, 
shown throughout in dotted lines ; the breech block then 
falls to the bottom, when it comes into contact with the 
ejector (E), and the empty case is thrown out. Another 
important part of this action is, that provision is made for 
releasing the striker from the back of the cartridge after firing 
by means of a slot in the link (B), which allows the block 
to remain unmoved for a moment, when the hand lever is 
depressed to open the weapon, so that the hammer is pushed 
back about the eighth of an inch before the block moves. 
The ejector of this action is of greatly improved construction, 
and is introduced in a subsequent patent. (See Fig. 178.) It 
possesses greater power of ejection than any other to be found; 
and the lock is of simple construction, having only one spring 
in its internal mechanism, viz., the mainspring. Nor are there 
more than two screws in the entire action, pins being used, 
which can be pushed oiit and put in by the most unskilful 
hands ; and the whole internal work — that is, lock, lever, link, 
and breech block — can be lifted out bodily, without derange- 
ment of any kind, and oiled, and cleaned, and replaced without 
a single tool, or the aid of an armourer. 

It was first issued to the public in the form of a military 
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breech-loader, with the Metford barrel, in the year 1874, and 
it carried the Duke of Cambridge's Prize in five successive 
years. This prize is competed for at 1000 yards, fifteen shots, 
without cleaning out, which is considered a severe trial of the 
non-fouling of any rifling, in addition to its accuracy. It is 
•also well adapted for a sporting rifle, and is extensively 
patronised, as already stated. (See Pig. 179.) 



a 


Fig. 180 . Mbtfobd Gaktbidob. 

The annexed figure (180) shows an external view of the 
loaded cartridge used with this rifle, also a view of the 
bullets, both heavy {b) and light (c), with a section of the 
former {d) showing the cavity in the base. 

For some time Mr. Metford held out for the lighter bullet, 
480 grains in weight, as the thing to be used with his moderate 
powder charge in a B.L. rifle; but his views underwent a 
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change abont 1879 or 1880, since which time lie heayier 
540 gfrain bullets of a rather peculiar shape have been 
almost uniyersally used with his rifles. 

Mr. Metford professes to use no lubrication in his cartridges, 
and^ indeed, so small a powder charge does not demand much, 
all things being in perfect condition ; but it is well known 
that the tightly fitting felt wads used as a fire block are well 
saturated with beeswax ; and as this substance is the recog- 
nised means of lubrication adopted in the Grovemment small 
arm ammunition, we must believe that some little help is 
afforded in this respect by this material, though it is generally 
looked upon as a rather refractory agent for the purpose. If 
Mr. Metford issued for a season waddings totally free from 
admixture with any lubricating agent, he would then have no 
diflSculty in persuading the public that his admirable rifle 
worked without such aid. The sights (Figs. 181, 182) are too 
well known to need description. 

The Dbelbt-Edgb-Mbtpoed Biflb. 

A rifle bearing this designation first appeared at Wimbledon 
in 1878, but the breech action was very different from that of 
the present rifle I am about to describe ; in fact, the then 
pattern action was found so very unsatisfactory that the new 
model was brought out most opportunely a year or two ago. 
(See Figs. 183a, b.) Attached to the Metford barrel, identical 
in every principal feature with the barrel used by Mr. Gibbs, 
this rifle, of course, would be naturally expected to shoot with 
a similar amount of accuracy, which in fact it does, though 
as a rule I believe a rather increased powder charge is used 
with it, as compared with that orig^ally advocated for use in 
a B.L. rifle by Mr. Metford. Fig. 184 gives an idea of the 
side external view of this breech action. Fig. 184a shows 
a view of the opposite side of one of these rifles, with the 
stock butt removed, and shows how a safety bolt is applied. 
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Fig. 184. External View ot Deelet-Edgi-Mstford Bifle, showing Breech Action. 
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though, as my readers will perceive, its action is rather too 
near the centre of motion of the hammer to be quite a perfect 
mechanical arrangement. 

In this action, which is upon the sliding-block principle, 
the breech has a vertical groove, or slot, at right angles to the 
bore in which the block works ; this block is depressed and 
raised by means of a side lever, which actuates an axis 
crossing the body of the gun under the breech end. This 
axis is the main feature in the mechanism, and performs the 
threefold function of opening the gun, cocking the hammer, 
and working the extractor. The axis has on one side a pro- 
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jection which takes into the recess on the bottom of the block, 
and when the lever is depressed the block also is depressed 
and the breech opened. On its left side it carries a projec- 
tion for working the extractor, and in the centre of it there 
is a short arm, or projection, which effects the cocking in the 
following manner : — ^At the rear of the axis is a small lever, 
one end of which is situated under the short arm of the axis, 
its other end engages under the shoulder on the breast of the 
hammer. When the hand-lever is depressed the fore-end of 
the lever is depressed by the short arm on the axis, and 
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thereby the rear end is raised and lifts the hammer into cock,* 
in which position it is retained by the ordinary bent and 
scear. 

The main-spring and scear-spring are of the nsual gun-lock 
type. 

The action is light and simple in constructiony and of great 
durability. 

The military model of this rifle is constructed in accordance 
with the N.E.A. regulations. Class Ib, for military breech- 
loaders. The action is light, which enables a heavy barrel to 
be used, and by depressing the lever, a clear view of the 
barrel can be obtained. This renders it easy to inspect the 
rifling, and to clean the barrel from the breech end, which is 
of great importance. (See Fig. 183a.) 

The cartridge used is the well-known Westley-Richards 
Ko. 2 musket cartridge, with 80 grains powder, two waxed 
waddings, and a specially prepared projectile, weighing 
540 grains. If required, a lighter bullet, weighing 
480 grains, is supplied for short ranges. The broad back 
sight is upon an improved principle, with a sliding wind- 
gauge bar and graduated scale, as now permitted by the 
N.R.A. The top-piece and bar have each a central platinum 
line, and are supplied with a straight-edge or Y notch to 
order. 

The rifling is upon the celebrated Metford system, the 
form employed in this rifle being what is termed a shallow 
fieven-groove segmental cut. As regards the accuracy of this 
weapon (and also the Match Rifles made by the same firm), 
references need only be made to its public records, the official 
reports of the National and other Rifie Associations showing 
that it is at least fully equal to anything before the public. 


* ThiB feature is not wholly novel, it having been applied in Manton’a patent 
some years ago. 
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The Dbbley-Edoe-Mbtpoed Match Biflb. 

The same breech action being employed as for the military 
rifle, similar advantages as to weight of barrel, cleaning out^ 
&c., are obtained, but the construction of the match rifle is, of 
course, in accordance with the N.II.A. regulations for Any 
Eifles/^ It is half-stocked, with a pistol grip, and weighs lOlb^ 
(See Fig. 183b.) In this match model an addition is made to the 
breech action, in the shape of a neat tumbler bolt placed upon 
the left side of the breech, which securely bolts the hammer 
when at cock. The stock can be constructed for any of the* 
positions now adopted by small-bore men. This barrel is al 80 » 
rifled upon the Metford system, the form of rifling and other 
points having been recently modified to meet the new rule of 
theN.E.A. which prohibits cleaning. The sights (Figs. 185-6), 
which have been constructed in accordance with the views of 
some of the most eminent shots of the day, consist of a long 
orthoptic back sight, which can be used upon the grip or heel, 
as desired, and a wind-gauge fore sight, with spirit level, shade, 
&c., for which fore sight discs of various patterns are supplied 
to interchange. There is an ingenious arrangement in the 
back sight by means of which the zero may be adjusted, and 
the angle of elevation made to read differently. This enables 
men who are shooting at nearly the same angle to alter their 
zero (which can be done instantly) and shoot at one common 
angle — a considerable advantage in team shooting. There is 
also a similar arrangement in the fore sight by which the wind- 
scale can be readily re-adjusted. This match rifle employs 
the same cartridge case and projectile as the military model, 
but the charge of powder is increased to 90 grains. 

The Dbeley-Edge-Metfobd Military and Match Breech- 
loader Combined. 

In order to meet those shots who desire to take up match 
rifle shooting as well as military work, without incurring the 
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expense of two rifles, Messrs. Westley-Richards and Co. are 
issuing a combination weapon ; that is to say, they fit up the 
military rifle with best orthoptic match sights. The match 
fore sight is constructed with a collar, which slips on to the 
muzzle in rear of the ordinary fore sight, and is secured by a 
screw. A bed for the orthoptic back sight is let into the 
stock, and when these match sights are put on the rifle is 
ready for Any Eifle competitions. They can be removed 
instantly, and the weapon again becomes a regulation military 
breech-loader. 

Messrs. Westley-Kichards and Co. have secured the 
exclusive control of the breech action, so they are the sole 
manufacturers of the Deeley-Edge-Metford rifles. 

The ammunition used with this rifle is the same as that 
used with the rifle just described. 

The Webley-Wyley M.B.L. Rifle. 

Another of this class of rifles specially constructed for a 
high degree of accuracy of fire at the long ranges, is the above 
named weapon, manufactured by the firm of P. Webley and Son, 
Birmingham. In this rifle (Fig. 187 a) is carried out to its 
fullest extent that well known and favourite principle among 
rifle shots — ^viz., the use of a heavy barrel. This can be done in 
this particular instance, in consequence of the exceeding light- 
ness of the breech action, which is quite a pound lighter than 
the Government pattern Martini breech. This thrown into the 
barrel enables the maker to obtain one of 51b. and upwards in 
weight as compared to the M.H. barrel of only SJlb., the com- 
plete rifle still not weighing more than QJlb. In this matter 
this rifle, which first appeared in 1879, has most decidedly led 
the fashion since become general among M.B.L. rifle makers, 
who, before their attention was thus called to this important 
detail, had somewhat lost sight of its importance, influenced no 
doubt by the scanty proportions of the barrel the Government 
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had thought fit to adopt. This breech action, though so light 
(not quite Iflb. in weight), is strong and compact ; the act of 
opening the breech both puts the lock mechanism to full cock 
and extracts and ejects the fired shell. The mode of igniting 
the cartridge is by the sharp blow of a hammer urged by a 
light mainspring, but having a considerable scope or 
amount of blow. This hammer is situated in the centre of 
the upper strap of the action '^body,^^ and can be operated 
from the outside by the thumb, and so placed at full or half 
cock. The accompanying figure (188) will give an idea of the 
appearance of the breech of this rifie, showing as it does the 
mode in which the block works in the shoe or body of the 
action ; also the situation of the hammer and trigger : 



Fio. 188. Wsblet-Wtley Breech Action. 


In consequence partly of the large angle through which the 
hammer moves, and the position of the firing pin or striker, 
which coincides with the axis of the barrel, a very light and 
elastic mainspring of the simple flat form is amply sufficient 
to insure ignition, and, as a necessary result, the pull off of 
this rifle is most remarkably sweet and uniform. 

The breech action is operated on in a somewhat pimilar 
manner to that of the Snider rifle, though the extraction is 
effected without an extra motion being required, as in that 
arm. The handle or main lever is simply an extension up- 
wards from the right-hand side of the breech blocks as is 
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shown in Fig. 188. Although this arrangement has a very 
neat appearance, if an objection were raised against it, it 
would be on the grounds that, first, there may be a want 
of that surplus leverage required at times for the extraction of 
a defective and refractory shell; secondly, that the action 
might be more affected by the sand test than some others, 
in most other respects this breech action reflects great credit 
upon the mechanical ingenuity of its inventor, Mr. A. Wyley, 
who has in its construction displayed great ability in con-^ 



Fig. 189 . Enlarged View of ‘‘Batchet” Bifling, ab been frox 
Breech End of Barrel, used in the Weblet-Wtley M.B.L. 


sidering every important detail of the necessary mechanism, 
and in compressing these into such a compact form — a point 
much neglected by most designers of breech actions for 
military rifles before he, by his work, called attention to the 
importance of keeping the breech within reasonable limits of 
both weight and size, so that the surplus metal can be thrown 
into the barrel, where it is of considerable value. 

The barrel of this rifle is about *458 in calibre, and is rifled 
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as is shown in Fig. 189^ that is with seven cuts of ^'ratchet’’ 
shape and with a uniform twist of one turn in twenty 
inches — ^Whitworth^s standard pitch. The cartridge, which 
is shown in Fig. 190, is, of course, of solid metal, and 
is loaded with from 80 to 85 grains of powder (according 
to the fancy of the firer, good work having been done with 
both charges), and a 540-grain bullet of the shape shown 
in Fig. 191. In addition 
to the hard felt wadding 
used in this and other 
M.B.L. rifles, a lubri- 
cating wad is considered 
to be valuable in this 
ammunition. It is but 
a few grains in weight, 
and when the cartridge 
is properly loaded is 
securely placed between 
the bullet and powder 
in such a manner that 
there is little or no possi- 
bility of the lubricating 
material acting detri- 
mentally upon either^ 
when the ammunition is 
stored for any length 
of time. That this com- 
bination of barrel and Cabtbido*. 

ammunition is sound and effective, and capable of producing 
tbe finest shooting, is proved by the performances of this 
rifle as shown in the N.B.A. reports of the Wimbledon 
meetings. Introduced in 1879, and only used by comparatively 
a very small number of rifle shots, it has still fairly rivalled 
the Metford B.L.’b in carrying off most of the chief long 



Fig. 190. 
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Tange prizes open to this class of weapon^ though^ from the 
-early popularity of the Metford rifles, some twenty of the 
latter are in use to one Webley-Wyley. Among other features 
introduced with this rifle is the extra wide back sight shown 
in the annexed Fig. 192, now so generally adopted on rifles 
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of this kind, though the wind-gauge slide bar shown in the 
figure is a more recent addition to it. 

An organization called the Midland Rifle Club exists at 
Birmingham, that was established some nine years ago for the 
object of cultivating and developing the M.B.L. rifle, especially 
at the longer ranges ; and the Webley-Wyley rifle was first 
constructed to meet the requirements of some of the members 
of this club. 

Since its introduction into their competitions it has carried 
away the great majority of their principal prizes, though 
their shooting is of the most exacting charactei^ eliminating 
as far as possible the element of chance. I give the shot for 
shot record of the fine score of 99 made at one of their com- 
petitions by Corporal Bates, of the 1st W.R.V.B., using this 
weapon. 


800 yards 5 4 5 5 5 5 5 = 34 

900 „ 5 5 5 5 5 5 5 = 35 

1000 „ 3535554 = 30 


99 

The highest possible score being 105 marks. 
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The Fbaser Breech-Loading Long-Ranqk Rifle. 

Tlie breecTi-actioii is constructed on the vertical sliding* 
block principle, first applied practically to small arms by the 
Sharps Company of America. Rifles manufactured by this 
firm were used in the American Civil War, although the 
weight and general clumsiness of the action, with its cumbrous 
outside hammer, rendered it a most ungainly weapon. The 
system was, nevertheless, sound, and many of our best known 
rifle makers have worked on the same lines with a variety of 
modifications, but all striving to produce as compact an action 
as possible, consistent with strength of breech mechanism 
and lock work. 

Working on the basis above indicated, Messrs. Fraser have 
succeeded in perfecting a breech in which the various limbs 
are much stronger than those of the Government regulation 
Snider or Martini rifles, and as regards strength of action 
shoe, I may state that, all their rifles are provisionally proved 
with the actions fitted to the barrels, thus undergoing the 
severe strain of double proof at one time. 

In ordinary cases the stock is held to the action by means 
of metal projections, called straps, passing from the breech- 
shoe over and under the grip or small, with screwed pieces 
binding the parts together. This action is attached to the 
stock by a strong steel bolt entering from the butt, which 
serves the double purpose of securing the wood and metal 
by end-on pressure, and gives great rigidity at the grip, 
where strength is most required. (See Fig. 193.) 

A detailed explanation of the working of the action seems 
to be unnecessary, as the illustration shows very distinctly 
how the several movements are effected. It may be sufficient 
to say that when the breech-block is lowered by means of 
the side lever so far as to place the rifle on full-cock, the 
extractor comes into operation, and is projected with great 
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power a short distance, sufficient to ease the shell out of the 
chamber, the head of the hammer then forces back the safely 
bolt, causing a flip which ejects the empty shell clear of the 
rifle without the necessity for any special springs. 

The action of the safety bolt is so clearly shown in the cut 
as to require no explanation. 

The general adoption of the back position by long-range 
shots necessitates the use of a longer ^ orthoptic or rear sight, 
and the inconvenience, not to say danger, of having this 
delicate sight exposed, suggested to them the possibility 
of forming a sight-case in the stock itself, a reference to the 



Fig. 193 . Section of Fbabeb’b Bbebch Action. 


illustration (p. 479) will show how this has been accomplished. 
The recess is provided with a cover removable at pleasure, 
and which effectually protects the sight from injury. The 
improved front wind-gauge is constructed with a much. larger 
field than usual, which enables the spirit level to be placed 
within the disc shield, where it lies close up to the disc and 
point of aim, an arrangement which reduces the strain on the 
eye when sighting. They further claim novelty for a rever- 
sible metal sun-shade, screwing on to front or rear as required ; 
also for having a scale cut on both sides of sight-bed, so that 
the firer when in position need not turn the muzzle towards him 
when adjusting the sight for a change of wind. (See Fig. 194.) 
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Messrs. Fraser describe the form of rifling adopted by them 
in the above rifles as a hollow ratchet,” that is, instead of 
retaining the old saw-tooth groove, which consists of a 
straight plane ending in an acute angle at the minor axis 
of the bore, they hollow the groove and leave a land of *05 in 
width. This plan has for its object the steadying of the 
bullet in its passage through the barrel, and also prevents 
that premature stripping of the patches so fatal to accurate 
shooting At extreme ranges, while the shape of the groove 
has the effect of lessening friction, and, as a consequence, 
giving increased velocity. 

The spiral of the rifling is progressive, beginning at the 
breech end almost straight, and increasing at the muzzle to 
one turn in J6in. The bore of the rifle is *455, and the depth 
of groove at resisting edge *005. Number of grooves, 7. 

The pitch of the spiral or twist has been determined by 
careful experiment, and they claim for this plan an almost 
entire absence of fouling, at the same time preventing the 
jamming action almost inseparable from those forms of rifling 
which consist of a number of acute angles. 

They niake use of a bottle-shaped solid drawn shell, 
charged with 80 grains powder, special 
lubrication, and a bullet which weighs 
530 grains. 

I here give a sketch of the Fraser 
bullet (Fig. 195), and also a section 
showing the eayity in the base. I am 
unable to show the entire cartridge, 
or to give any record of scores made 

T 16 .W 6 . SwjnoH akdVmw "A® which, practically, only 

o» Fbabxk Bullst. m^e its appearance daring the late 

season, though seTeral fine scores were made with it at the 
"Wimbledon meetii^. 
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The Bigby-Banes M.B.L. Bifle. 


This is a new breecli 
action for single rifles^ 
military, match, or sport- 
ing. It is a vertically 
sliding block action with 
automatic hammerless 
lock, and possesses the 
following distinctive 
features : 

It is usual to attach 
the stock to the breech 
frame of military and 
other rifles by means of 
a bolt passed up through 
the butt and screwed 
into the frame. In the 
Bigby-Banks rifle this 
has been improved by 
substituting for the bolt 
a steel tube screwed 
firmly into the frame, 
and having on its rear 
end a screwed nut, which 
serves to hold the stock 
in its place. Inside the 
tube is a coiled main- 
spring 5in. in length, 
within which slides a 
steel rod whose forward 
end is in a convenient 
position to deliver, under 
the impulse of the spring, 
an effective blow upon 



L Ii 2 


Fig. 196 . Rigby’s New Riple and Sights. 



616 TJ^ MODERN SPORTSMAN’S GUN AND RIFLE. 




THE BIGBT^BANKS RIFLE. 


617 


the striker. By means of a loose] collar on this rod^ and an 
ingenious arrangement which will be understood by reference 
to the section shown in Fig. 197, the rod is caused, after 
striking, to rebound into the tube, and so leave the sliding 
breech-block free to move up and down. This arrangement 
has the advantage that it places the hammer and mainspring 
in a closed tube, apart from the cartridge, and out of 
the way of wet, smoke, or dust. The rebound action 
removes the danger of accidental discharge in loading, to 
prevent which intercepting bolts are needed in most automatic 
guns. 

The external lever is placed on the right side of the frame, 
and is thrown downward by the thumb of the right hand, 
when it is desired to open the breech, and raised again by 
the forefinger. A spring bears on the axis of this lever 
in such a way that when a part of the upward or downward 
movement is effected by the hand, the pressure of the spring 
completes it. The position of this lever presents the advan- 
tage that the rifie can be reloaded in any position of the 
rifleman — erect, prone, or supine — ^without removing the butt 
from the shoulder or much change of the position of the 
hands, and that- the lever is not liable to bp impeded by 
grass or twigs, as is the case when it is placed underneath 
the gun. The automatic cocking of the lock is effected by 
the same downward movement of the side lever. The arm 
on the axle, which lowers the breech, carries also, pivotted 
to it, a bar by which movement is given to the tumbler, and 
the lock brought to full cock. 

An important improvement is in the striker, which plays 
freely in the breech-block without a spring. It is provided 
with a second parallel pin sliding in a hole in the block, and 
BO placed that, should the striker from any cause fail to come 
back into the block after the discharge, the arm which lowers 
the latter comes first against the end of this pin, and 
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compels the striker to retire into its place before it com- 
mences to lower the block. . V V 11 TJ- 

This invention remedies the defect to which aU shdmg 
block rifles, that depend upon a spring to retire the striker, 
are liable, namely, that when the striker becomes stiff or 
sticks in the cap, and the spring is unable to withdraw it, the 
breech cannot be lowered, and the rifle is useless. 

The lock of this rifle, which is very simple, is fitted with a 
novel arrangement of the scear and trigger, which is the 
subject of a separate patent, and applicable to all gunlocks. 
Its object is to secure a safe full cock combined with a 
trigger pull which will be easy to the finger. The trigpr 
when pressed moves a short distance, and lifts the spring 
which holds the scear pressed into the bent or notch in the 
tumbler; it then touches the scear, the contact being easily 
felt, and when the aim is perfected a slight additional pressure 
discharges the arm. On the other hand, when quickly 
pressed, no appreciable delay is experienced, but the chance 
of jerking the rifle is much diminished. 

The extractor has an accelerated motion, which throws the 
fired cartridge shell clear of the gun when reloading rapidly. 
The block and trigger plate are easily detached from the 
action for the purpose of cleaning, oiling, &c. 

The description of the action here given refers to the 
lettered figure (197). 



ClEAPTER YI. 

MANAGEMENT OF THE TARGET RIFLE. 


The following remarks mast not be taken as in any way fully 
covering the important precautionary measures upon which 
the successful use of the target rifle in match shooting so 
largely depends. That the soldier in actual warfare may not 
be able to put in practice some of the minutiae, presently to be 
described, is no reason why in competitive shooting these 
points should not receive due attention, assisting as they do 
in bringing out to the fullest extent, the powers of both the 
rifle and the man. I regret that the limits of space prevent 
my treating as fully as I should wish, the very interesting 
questions that are in this chapter only cursorily touched upon. 

To proceed at once with our subject : the first point to be 
considered is that of 

Position in Firing, — The regulations issued by the Council 
of the N.R.A. prescribe several different positions of the 
body in firing at various distances, as is well known; and 
it is of the greatest importance that the shooter should be 
able to display his abihty in these various attitudes of the 
body, from a military point of view, which requires a con- 
siderable blending of physical training, together with skill 
in the use of the rifle. To thoroughly master each of these 
positions, those of firing standing, kneeling, prone, and supine 
(or '^back position'^), a considerable amount of time and 
perseverance is required, and no effort should be spared by 
any one desirous of obtaining the best results in his firing, 
as all riflemen do, to adapt himself to these positions so com- 
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pletely, that no perceptible change or variation in any 
position can be detected when firing at either one time or 
another. When a man, for instance, fires from the knee, upon 
one occasion holding his rifle in a. certain manner and 
contorting his body in one style of position, and upon another 
occasion materially varies these details, can it be expected to 
be otherwise than that under such circumstances the firer 
should suffer embarrassment in consequence of what appears 
to hiTTi an unaccountable difference in his firing ? The same 
remarks apply to the other varieties of position, the effects 
of a changing and uncertain attitude only proving more 
disastrous as the range fired at increases in distance. 

No better groundwork can be found for the three positions 
of firing — standing, kneeling, and prone — ^than the well-known 
Hythe instructions as to position, as taught in the Army ; 
but every man can more or less modify these rules to suit his 
own bodily conformation, and time spent in position drill for 
the purpose of discovering the little points in these positions 
that appear to be of value in individual cases is time well 
spent. Several, if not most, of our most successful rifle 
shots spare no pains in this particular mattdr, not only in 
acquiring their positions in firing, but in keeping up such 
an amount of drill as enables them to retain what has cost so 
much pains to acquire. With regard to the back position 
in firing, now so universally adopted at the longer ranges, 
there can be no question as to its great superiority in assisting 
accuracy of fire, though objections probably exist against its 
employment at the shorter ranges for military reasons. 

Some time ago several varieties of the back position were 
in use, and occasionally some of these are seen now ; but one 
particular style of this position seems to be likely to supersede 
the rest. 

It is difScult without illustrations to give a thorough idea 
of such a position, but the one I allude to is that in which. 
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while the right hand grasps the rifle in the usual place, the 
left hand is applied near the heel ” of the stock, the head of 
the firer receiving support and steadiness from his seizing 
the cuff of the left sleeve with his teeth; a band or strap is 
generally fitted loosely over the sleeve cufE for this purpose. 
The forward part of the rifle is rested in a fork, formed by the 
legs of the firer as usual. I may give as an illustration the 
statement made to me by one of our prominent rifle shots 
'^that to obtain his present kneeling position had cost him 
nearly two years of practice this shows conclusively what 
pains are and must be taken to acquire perfection in what 
appears at first sight a very subordinate detail in the art 
of rifle shooting. 

Aiming. — The position of the firer being sufficiently perfect 
to enable him to hold his rifle steadily when pointed at the 
target as in the act of aiming, we must next consider a 
few points bearing on this latter process. Of course in the 
case of ordinary sights it is impossible for the eye to focus 
simultaneously, or to see with an equal degree of clearness, 
the three objects involved in the act of aiming at one and the 
same time. Any effort to do this will be invariably attended 
with '' blurr,” or want of clearness of definition, with one or 
more of the three objects (these being the bar or notch of 
back sight, the tip or cone of front sight, and the bullseye 
or point of aim upon the target). What actually does take 
place is that the sights being brought into approximate align- 
ment, the eye, by an almost instantaneous change of focus, 
fiashes from point to point, and satisfies the firer of the 
correctness of his aim. He then should be so steady in his 
position as to be able to get off his shot without disturbing 
the laying of the rifle in the slightest degree. 

When the eye of the firer is incapable of this power of 
rapidly changing its focus, the man labours under a serious 
disadvantage as a rifle shot, whatever his other qualifications 
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in this respect may be. Daring the last few years it has 
become the fashion to assist the eye in aiming by the use of 
colour upon the sights. At first any colours were allowed to 
be used, and men were to be seen with sights painted partially 
red, blue, yellow, and a combination of these colours ; but it 
is questionable if the introduction of these primaries offers any 
substantial advantage over mere black and white. At all 
events, for various reasons, none but the latter are now allowed, 
and considerable ingenuity is shown in painting the front 
sight especially with these tints; annexed is shown three 
of the more popular styles, but the variations in use are 
numerous. Fig. 198 is one of the earliest plans adopted, and 



Fio. 198 . Fig. 199 . Fig. 200 . 


it will be seen that the block is painted white upon its 
front ; while the whole of the cone of the sight, or barley- 
corn^^ as it used to be called, is blackened. The object to 
be attained by this method of colouring the front sight is the 
preservation of the angle of elevation, in consequence of the 
assistance given to the firer in insuring the same amount of 
fore sight to be taken in when aiming, the cone always being 
taken in down to the white block, which, when the aim is 
complete, should be just visible. If it were not for the 
assistance of the whitened portion of the sight, sometimes in 
difficult lights some of the block might be included in the 
aim, thus increasing the angle of fire, and causing a high shot, 
while the necessity of seeing the white prevents a careless 
marksman from firing without seeing the cone fully, which 
would of course reduce the angle and lead to a low shot. 
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Pig. 199 is simply a modification of the former made to suit 
the '^fine sight” style of aiming almost imperative at the 
longer ranges. In Fig. 200 we find that, in addition to 
affording a check to variations in elevation, an aid in 
maintaining the lateral direction is attempted ; this is 
effected by a small white line, often only a dot, which is 
painted upon the centre of the cone. In aiming the visi- 
bility of this line above the bar of the back sight checks 
off the elevation as in the former examples, while the 
line on the fore sight is made to coincide exactly with the 
platina line upon the bar of the back sight, thus obviating 
what has always been a fruitful source of error in aiming with 
the plain bar of the military back sight, viz., that tendency to 
wander with the tip of the fore sight to one or other side of 
the line upon the bar. Every care should be taken to aim 
with truth and correctness upon the identical spot of the 
target that it is decided in the mind of the firer is the proper 
point of aim under the circumstances, for a slipshod style of 
aiming is easily acquired and difficult to get out of. Some 
years ago there were many abstruse theories afioat as to the 
infiuences upon the aim in consequence of changes of light 
caused by passing clouds or other causes. Now, I believe, it 
has been pretty fairly proved that if a man, during such a 
change, will distinctly make an effort to see his sights and 
point of aim as in his previous shot no material difference in 
the position of the shot upon the target will be possible. Of 
course, if from the approach of darkness or fog, he cannot 
see what he is doing, good results cannot be expected ; but 
many of the calamities occurring to rifle shots in their scoring, 
attributed to the evil influence of a change of light, may be 
much more fairly put down to the man’s own careless habit of 
aiming. One thing does affect the aim to an extent not very 
generally known> and that is, when, from rapid firing or other 
causes, the barrel gets hot, the radiated heat is communicated 
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to the air round the front sight, causing, instead of a clear 
definition of it upon the target, a wavy blurr, and many 
scores have been spoiled from this cause. While upon 
this subject it will be well to notice the effect of mirage ” 
upon aiming with open sights; this peculiar phenomenon 
is due to a similar cause to the one above mentioned, except 
that it is the heat radiated from the sun-baked ground, 
mixed with the moisture that may be raised by evapora- 
tion, which produces it, instead of that of the heated barrel, 
and like the former it causes considerable trouble to 
rifie shots. Its appearance is well known, and it should be 
borne in mind that when drifting to the right or left, or 
streaming upwards, some slight allowance should be made for 
the effect of its current similar to the allowance made for wind 
infiuence. Of course, it does not act upon the bullet as the 
latter does, but its effect is an optical one, drawing the target 
in appearance in the direction in which it is streaming, the 
actual position of the target being a little behind the direction 
of the stream of mirage.^^ 

Letting off. — The art of discharging the rifle by pressing the 
trigger without disturbing the aim, would appear at first sight 
to be an exceedingly simple matter, and one easily acquired, 
but it is not so. There can be no doubt that perhaps nothing 
so perplexes the rifle shot during his earlier years of practice 
more than this particular detail, and perhaps the most difficult 
part of the business lies in the fact that he is seldom aware of 
the defect, or to what# extent the jerk or tremor imparted to 
the rifle at the moment of discharge, may interfere 
with, and, to some extent, upset all the trouble he has taken 
in aiming, wind allowance, and other preparations for a 
successful shot. No pains should be spared to get the rifle 
off in a perfectly undisturbed manner, and much depends 
upon the position of the hand in firing, that is whether the 
trigger finger be so disposed as to freely obey the mental 
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intention to fire the arm ; if a cramped and awkward grip of 
the weapon be indulged in^ the free and instantaneous action 
of the trigger finger is interfered with — this of course may be 
brought aboutj especially when a man has a small hand^ by the 
grip or hand of the stock being of a large and awkward 
shape, as in the Martini-Henry rifle. In such cases it is found 
to be almost impossible to use the forefinger upon the trigger 
in a satisfactory manner, and the second finger is used instead^ 
which gives an increased amount of purchase upon the trigger, 
this finger exerting more power in this position than the other, 
but some people with practice, get on very well by firiug in 
this manner. Various modifications of the ordinary trigger 
have been brought forward from time to time, especially those 
that are so situated as to be pressed by the thumb of the firer ; 
as yet, however, nothing has surpassed the ordinary arrange- 
ment. Probably a false idea pf what should be the correct 
manipulation of the trigger has been caused by the use of the 
phrase pull off, ” as describing the act’of firing, there should 
be no pull by but as the aim is completed, the 

pressure of the finger should gradually increase until the rifle 
is discharged during a moment of perfect aim. Of course 
the existence of mechanical defects in the lock action of the 
weapon, whether they be faults in construction or workman- 
ship, will, if sufficiently pronounced, render it impossible to 
let off ^^in a thoroughly perfect manner, and great practice, 
care, and mental discipline are required to fully enable the 
rifle shot always to perform this little but important function 
properly. 

Adjusting the Back sight for elevation and wind allowance 
is a most important matter with the rifleman, and could not 
be performed with the accuracy that modem rifle practice 
requires if it were not for the aid afforded by a little instru- 
ment called a sight elevator/' There are numerous forms of 
this apparatus, one of the most approved being here illustrated. 
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It will be seen by examining Fig. 201 that this instrument 
is constructed so that, by means of a slide to engage with 
the bar of the back sight and a screw to raise and lower 
it, the sight bar can be adjusted vertically upon the sight 
leaf to the desired angle of elevation required. A scale 
furnished with a vernier is marked upon one edge, as is 
shown in the engraving. This scale, as I have before 
explained, is constructed upon the basis of the distance 



Pig. 201. M.B.L. Sight Elevator. 


between the front and back sight-^in this case as most 
suitable to the M.H. and most M.B.L. rifles the distance 
is two feet. The scale is so divided that with its vernier 
it affords us spaces practically equal to one minute of 
angle upon a great circle having a radius of two feet, or 
the distance between the sights ; consequently we can move 
the sliding bar such a quantity as will cause a corresponding 
value upon the target ; thus, if when firing at 500 yardfi^ we 
raise the bar the amount of one point upon our sight elevator, 
the bullet should stfikefive inches higher than before upon 
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the target. If this process is applied at 1000 yards^ the 
position of the bullet is ten inches higher upon the target^ and 
so on at all ranges where the tangent leaf of the back sight 
is used. This mode of graduating a sight scale affords an 
easily remembered proportion between the movement of the 
sight slide and the corresponding difference of position of the 
bullet upon the target. A farther use can be made of this 
pattern sight elevator, as in the accompanying illustrations, 
where it is shown as applied to the sight leaf of a M.H. rifle. 



Fig. 202. 


SO as to mark on the sliding bar the amount of lateral 
allowance required by a certain amount of side wind. 

If when the sight elevator be applied, as in the drawing, to 
the sight of a M.H. rifle, and set so that the lower edge of the 
gauge coincides with the middle line upon the bar, the scale 
will read about 57 or 60 pcdnts as a zero ; if it is then i3et to 
89 or 40 it will be found to coincide with the right side line, 
and at about 77 it will agree with the left-side line, showing 
that the space usually inclosed between the central and side 
lines with thig rifle is equal to about 19 points on the scale of 
the sight elevator ; but I have shown that these points have 
a value on the target according to the range at which they 
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may be used^ and this value holds good for both lateral and 
vertical movement ; therefore, whatever 
degree of strength we may estimate the wind 
as blowing with, we can easily man:k upon 
our bar with the help of this gauge — a line 
that if our judgment be correct will enable 
us to continue our aim upon the bullseye. 
For instance, in the illustration of the sight 
leaf given herewith (Fig. 203), it will be per- 
ceived that an auxiliary wind line has been 
marked upon the bar midway between the 
permanent central and side lines ; this has 
required 9 points of movement from the zero 
given above, and at 500 yards the wind 
Pig. 203- Mabtini- allowance obtainable with such a line would 
Henbt Back Smht. 9=45in.,or 3ft. 9in.; at 1000 yards, 

lOin. X 9 = 90in. or 7ft. 6in., and so on at intermediate ranges. 

This rule holds good, whatever the distance between the 
sights of the rifle may be, though the scale must be cut 
accordingly, the same scale not suiting rifles having their 
sights any closer together or wider apart than the radius the 
scale is arranged from. 

1 herewith give a table calculated some years ago, of the 
wind allowances in feet upon the M.H. rifle back sight ; it is 
calculated for eveiy 100th of an inch available between the 
central and side lines, the total space on each side being 
approximately one-eighth of an inch. 

Wind Gauge Adlowanceb in Feet. 
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Now that the sliding wind gauge bar is allowed to M.B.L. 
rifles, of course the graduations thereupon should be upon a 
similar basis, the sight elevator not applying to them for 
wind gauge allowance — only to plain sight bars like those 
upon the M.H. rifle. 

It would be possible to carry this chapter to much greater 
length if the several important features in connection with 
target rifle-shooting were here investigated exhaustively; 
but as this volume is now much larger than it was intended 
to be, I must perforce leave these points until some 
future opportunity presents itself of ventilating them in the 
columns of the Field. I must conclude this section of my 
labours by again remarking that many important questions I 
have touched upon in connection with this subject require 
fuller and further investigation ; and my readers must bear in 
mind that the columns of the Field are always open to 
temperate discussions relating to any and every thing of 
interest to the modem sportsman. As an appropriate con- 
clusion to this section, I append a copy of the scoring made 
in the last great shoot of the Midland Bifle Club, being their 
annual competition for their Club trophy, shot for with 
M.B.L. rifles, having military sights and no cleaning out or 
sighting shots allowed, nor coaching, each member, of course, 
striving for the coveted prize. I believe this shoot is, up to 
its date, one of the finest exhibitions of the accuracy of the 
modern M.B.L. rifle that we have on record; and I am glad 
that, through the courtesy of the hon. sec. of the club, I am 
able to give it shot for shot as a standard of excellence that 
will not probably be easily surpassed at present. 


M M 
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MIDLAND RIFLE CLUB. 

Date, Oct. 6, 1883. Weather, fine, moist. Light good, fading at 
1000 yards. Wind, left rear, moderately fresh, variable at 900 yards. 
Fifteen shots at each range — shot for shot — no sighting shots. 


Rifle. 

W. Webley 

Names. 

F. Osborne... 

3 5 5 

4 

800 Yards. 

345455545 

5 

5 

Total. 

67 


G. H. Hart... 

5 5 5 

3 

545545554 

3 

5 

68 

if 

H. Webley... 

2 5 5 

3 

344025545 

5 

5 

57 


R. H. Jones . 

R 5 4 

5 

545555256 

4 

5 

64 


H. Bates ... 

3 4 3 

3 

555253455 

5 

5 

62 

F. Turner 

J. Foulkes ... 

5 5 4 

5 

445543454 

5 

5 

67 


T. Turner ... 

3 4 5 

2 

355355343 

4 

5 

59 

D. B. Metford . . 

J. White 

5 4 5 

5 

530334445 

4 

5 

59 


F. Osborne... 

3 5 4 

5 

900 Yards. 

32543534,6 

4 

3 

58 


G. H. Hart... 

5 3 4 

5 

455453445 

4 

3 

63 


H. Webley... 

5 5 3 

3 

235444554 

5 

4 

61 


R. H. Jones . 

3 5 5 

5 

454425234 

2 

4 

57 


H. Bates ... 

3 5 2 

5 

355555455 

4 

0 

61 


J. Foulkes ... 

3 4 5 

0 

554543433 

4 

5 

57 


T. Turner ... 

5 4 3 

4 

544554323 

4 

4 

69 


J. White 

3 3 3 

5 

553542553 

4 

4 

59 

Aggregate. 

193 

F. Osborne... 

3 3 5 

5 

1000 Yards. 

555454455 

5 

5 

68 

188 

G. H. Hart.., 

4 5 4 

2 

443435534 

2 

5 

57 

181 

H. Webley... 

5 4 4 

5 

354443454 

4 

5 

63 

178 

R. H. Jones . 

3 4 3 

5 

345335255 

5 

2 

57 

177 

H. Bates . . . 

4 5 3 

3 

433425253 

3 

5 

54 

177 

J. Foulkes ... 

3 5 5 

4 

240423544 

5 

3 

53 

175 

T. Turner ... 

3 5 5 

5 

345533353 

3 

2 

57 

174 

J. White ... 

4 4 4 

3 

345533443 

2 

5 

56 


Signed Fred. A. Bird, Hon. Sec. 


Range total 800 yards 

Average individual score... „ 

Range total 900 yards 

Average individual score... „ 

Range; total 1000 yards 

Average individual score ... „ 


Average aggregate score 


503 

02-875 

475 

59-375 

465 

58-125 


180-375. 



OLOSSARY OF TERMS USED IN VOL. II. 


Bore, Large. — rifle in which the diameter of the bore is ^eater than 
•577in. 

Bore, Small. — rifle in which the diameter is not more than *577. 

Drop op Bullet. — The distance between the line in which a bullet is 
projected and the point to which it is carried down by force of 
jifravity ; in other words, thci sx>acc between the straight line of fire 
and the curved lino of trajectory (see page 131). 

Elevation. — The extent to which the mn/.zle of tlie gun is raised in 
order to connteract the tendency of the bulhd. to droi) towards the 
earth. The “ Line of Elevation ” is the same as “ Lino of Fire ” or 
“ Line of Projection.” 

Energy. — The amount of force or working power existing in a moving 
projectile (see page 233). 

Express Rifle, — (See pages 11 — 28). 

Flight, Line of. — S ame as ‘‘ Trajectory.” 

Flip. — A term used by Mr. Metford to indicate a peculiar movement 
of the barrel, whi(*li causes the ])rojcctile to depart from the line of 
firo in a direction different from the jump (see imges 221 and 354). 

Initial Velocity. — A term for which “Muzzle Velocity” is now 
usually substituted as being more accurate. 

Jump. — An effect of recoil which causes the projectile to depart from 
lino of fire, in an upward direction. 

Line op Aim. — The prolongation of a lino drawn from the back to the 
front sight (see page 130). 

Line op Fire. — A prolongation of the long axis of the barrel (see 
page 130). 

Magnum. — A term applied to a rifle carrying an unusually heavy bnUetr. ^ 

Muzzle Velocity. — T he speed of the bullet as it leaves the muzzle. 

Point Blank. — ^Au obsolete term of indefinite meaning (see page 14). 

Projection, Line op. — See “ Line of Fire ” and “ Elevation.” 

mm2 
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GLOSSARY. 


Sight,' Apebtttbe.— A disk with a small hole in it for the sight. 

Sight, Back. — An addition to the brooch end of the barrel, or to the 
stock, intended to regulate the aim by giving the proper amount (»f 
elevation. 

Sight, Fine.— Wlien only a small part of the front sight is visible (scm* 
page 343). 

Sight, Fbont. — An addition to the muzzle of the barrel for the saine 
purpose. 

Sight, Full.— When the whole of the bead appears in the V of the 
back sight (see page 343). 

Sight, Line op. — Also called “ Line of Aim." 

Tbajectoby. — The curved lino which the centre of the ball takes after 
leaving the barrel (see page 130). 

Tbajectoby Height. — The distance between the highest point of flie 
trajectory and the line of sight (see page 130). 



INDEX. 


Adams’s revolver, 421 

Adjustment of the rifle, 326, 336 

Aiming — ^flne sight and full sight, 343 

Aiming with the target rifle, 521 

Air, weights of, at different temperatures, 180 

Air resistance at different velocities, 65 

Ammunition — ^bullets, 313 

„ cartridge cases, 292 

„ Fraser bullet, 514 

„ Gunpowder, method of making, 307 

Martini-Henry bullet, 491 

„ cartridge, 485 
metallic cartridges, introduction of, 454 
Metford cartridge for the Farquharson-Metford rifle, 501 
pasteboard shells, 306 
solid drawn shells, 297 

„ bottled shells, 298 
„ smaller express shells, 303 
waddings, 310 

Webley cartridge for Webley-Wyley rifle, 510 
Whitworth mechanically-fltting buUet, 471 
Ammunition for sporting rifles 
“ Any Rifle,” description of, 472 
„ sights for, 474 

Aperture sights, divisions of scales upon, 480 
Areas of diagrams, by Express and large-bore rifles, 109 
“ Arthur” prizes, introduction of, by N. R. A., 457 
Atmospheric pressure, effect of, on force in powder, 122 
Atmospheric resistance, 41, 58 

„ „ air-currents, 58 

„ „ Bashforth’s (Prof.) experiments 

„ different barometrical pressures, 65, 68, et seq^ 

„ different velocities, 65 

„ effect of, on small shot, 60 

„ Express bullets, drop of, at different pressures, 71 
„ form of the bullet, effect of, 61 
„ Himalayas, on the, 66, 123 
„ retardation in falling of bullets, 72 
„ temperature and moisture, 73 

„ wind influence on bullet, 73 
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INDEX. 


Atmospheric resistance — continued, 

„ „ wind influence on Express bullets at 100 yards 

range. 353 

Back sight, adjusting the, 525 

Barometrical variations, effect of, on trajectory, 66, 71, 123, 125 
Barrels, construction of. 241 

Bashforth’s (Prof.) Tables for Ogival-lieaded sliot, 15t> vt scq, 

„ „ .. method of using. 168 

.. „ works on calcnbiting trajectories. 178 

Bates s (Corj).) score made witli the Webley-W^ ley rifle. 511 
Bead sights, 475-477 
“ Blurr ” an obstacle to aim. 521 
Bottled cartridges, 298 
Bullet — conical large l)ore, 316 

cross-cut, Binningliam Small Arms ComjMiiiy’s, 320 

cross-cut, Lord Keane’s, 318 

Dr. Maeleod’s, 4 

spherical, 313 

steel-pointed, 317 

Bullet, increasing the weight of. with same charge of powder, 94 et sea. 
Bullet marks, method of calculating velocity from. 176 
Bullets, cause of motion in, 38 

,, difference of fall in various places, 48 
„ drop of, 43, 51, 68, 137 

>» M explanation of, 47 
„ faults in, 316 

„ force of gravity on, 42 

„ friction in the barrel, 6*0 

„ increasing the weight of, 94 

„ machine-made, 315 

„ method of casting, 313 

„ obstructions to movement of, 114, 125 
„ of equal length but different calibres, 141 
„ patching, 3l4 

„ proportion of length to calibre, 140 
„ resistance of the atmosphere, 41, 58 
„ of different calibre having same trajectory, 142 
„ of equal proportion of length to calibre, 140 
„ various kinds of, 313 

„ velocity and drop compared, 51 

„ of bullets of different calibres haring same trajectories, 

142 ; and see “ Atmospheric resistance ” and “ Trajectories.” 

Calliper sight, 475, 477 

Cartridges for sporting rifles, tables of, 321 

Cartridge cases, 292 

„ Express Eley-Boxer, 295 
». „ pasteboard shells, 306 

M „ smaller Express shells, 302 

M „ solid drawn bottled cartridge, 298 

>» »» solid drawn shells, 297 

9t shells, solid-drawn, the manufacture of, 322 
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“ Chamber,” the, or cartridge recess, 325 
Chamber pressure and muzzle velocity, 119, 120 
Chronograph, method of calculating trajectory by, 175 
Chronograph velocities, trajectories calculated from, 166 
Coloured sights, 522 
Colt's magazine rifle, 288 
„ Deringer, 444 

„ revolvers, trial of, by Mr. Ira Paine, 435 

„ „ diagrams made by, 435, 436, 437 

„ „ *45, 7iin. barrel, 419 

„ „ *44 frontier revolver, 421 

Combination rifles, 280 

„ Lancaster’s 4-barrelled combined rifle and gun, 281 
„ Transvaal rifle, Messrs. Silver’s, 280 
Croedmoor, international rifle match at, 460, 461 

„ match at, between British Volunteers and U.S.A. National 
Guards, 463 

Cross-cut bullet, Birmingham Small Arms Company’s, 320 
„ Lord Keane’s, 318 

Crusher-gauges, experiments with, 120 
Curtis and Harvey’s No. 6 powder, work done by, 310 

Deeley-Edge-Metford rifle, description of, 502 

„ match rifle, specialities of, 506 

„ military and match rifle combined, 506 

“ Degree ” and “ Minute ” as applied to sighting, 482 
Deringer, Colt’s, 444 
Double-grip action for Express rifles, 259 
Drop of bullet, effect of altered charges on, 221 

„ difference in, with difference in barometer, 68, 69, 71, 72 

,, in 100 and 200 yards, 57 

„ of *577 elongated and spherical bullets in 100 yards, 137 

Elephant shooting large-bore rifles for, 265 
Eley-Boxer cartridges, 295 
Enneld rifle, origin of the, 447 
„ rifling, 244 

Energy of moving body, how ascertained, 233, 235 
„ and penetration, retention of, 233 
Express rifle, areas of diagrams made by, 109 
„ barrels, length of, 259 

„ bores, 259 

„ breech actions, 259 

„ charges used with various bores, 259 

„ definition of an, 11 

„ double rifles, 258 

„ opinions as to the moaning of the term, by — 

Halford, Sir Henry, 14 
Henry, Mr., 17, 23 a 
Holland, Mr. H., 21 
Metford, Mr., 11, 23 
Osborne, Mr. J., 18, 24 
Rigby, Mr., 13 
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Express rifle — continued, 

„ shooting with, in the Himalayas, 123 
„ table of diagrams made at public trials, 381, 386 
„ velocity and energy of, 101 

„ weight of rifle, 259 

„ what constitutes an, 10 

„ work done by, 110 

„ „ comparison of, 113 


Farquharson-Metford Rifle, description of, 498 
“ Field ” machine rest, origm of, 452 (note) 

Field’s Hammerless Rook Rifle, 279 

Firing |>ositions, 519 

Flat trajectory (so-called), 46 

„ evils of the supposed, 44 

“ Flip,” see “ Jump,” Forsythes (Capt. J.) description of the, 9 
Fouling, its cause, and attempts at prevention, 345 
Fraser^ back sight, 479 
„ ballet, 514 

„ Breech-loading Long Range Rifle, described, 512 
„ long-range cartridges, 514 

,, reversible metal sunshade, 513 

„ telescope rifle, 334 
Fuses, es^riments with time, in India, 124 
„ effect of atmosphere on time, 124 


Gibbs’s Farquharson-Metford Rifle, 498 
Gravity, difference in, in different places, 48 
Gun bursting, some causes for, 115 et sea. 

Gunpowder, amount of force developed by, 76 
,, composition of, variations in, ^ 

„ Curtis and Harvey’s No. 6, 310 
„ effect of moisture on, 126 

„ expansion, table of volumes of, 107 
„ for rifles, 307 

„ gases, pressure of, 76, 78 

„ gases, temperature of, 78 

„ Greer’s (Capt. J. H.), experiments, 127 
,, method of testing, 308 

,, motion caused by burning, 76 

„ Noble and Abel’s experiments, 127 
„ quick burning powder, peculiar action of, 80, 106 
„ residuum after burning, 41 

„ strain on the gun by, 84 

„ work done by, 100 

„ effect of length of barrel on, 105 
Gunpowder and balls, weights of, for different charges, 98 


Halford, Sir Henry, on the influence of the wind, 230 

„ ^ opinion as to what is an Express rifle, 14 

Heights of trajectory b^ond mid-range, 174 

„ how to find the height, 178, and see “ Trajectory ” 
Henry method of rifling, the, 2B1 
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Henry ” rifle, first appearance of, 451 
Himalayas, shooting in the, 38 

Holland’s Express rifles, diagrams made by, at 50, 100, and 150 yards, 
372, 373, 374 

„ 4-hore, diagram made by, at 50 yards, 390 
„ method of rifling, 254 

„ rook rifle, diagrams made by, at 50 and 75 yards, 370, 371 
„ *295 hammerless rook rifle, 273 

„ *295 7-grooyed rook rifle, 277 

„ *295 9-grooye rook rifle, 277 

„ trajectories of, 403 

International Bifle Match at Greedmoor, 460 

Jacob’s (Gen.) improyements of the rifle, 440 
Jeffries *500- We, diagrams made by, at 50 and 100 yards, 375, 376 
Jump,” Bashforth (Prof.) on, 215 
„ effect of the, 214, 349 

„ in artillery, 219 

„ Metford’s, Mr., obseryations on, 218 

„ probable causes of difference in, in rifles, 217 

„ Whitworth’s (Sir J.) experiments, 215 

** Jump ” and “ flip,” Osborne (Mr. F.) on, 354 

Keane’s (Lord) cross-cut bullets, 318 

Lancaster’s (0.) 4-barrelled combined rifle and gun, 281 

„ 4-barreIled breech-loading hammorless pistol, 440 

„ introduction of the oyal boro, 448 

„ oyal bore, 246 

„ „ trial of, at Wormwood Scrubs, 249 

„ oval-We rook rifle, 272 

Large Bore Bifle, areas of diagrams, 109 

„ for Elephant shooting, 265 

„ rifling of, 256 

„ table of diagrams made at public trial, 389 

„ trajectories of, 182, 185 

„ work done by. 111 

„ comparison of, 113 

„ weights of rifles, 265 

Letting off, difficulties of, 524 
Liege, the, reyolyer, 429 
Light, effect of changes in, on shooting, 523 
Loads, effect of yariations in, 350 
„ diagrams of yarious, 351 

Machine-rest, the Fields 207 

Macleod’s (Dr.) smooth-bore cylindrical bullet, 4 

Magazine Bifles, see Bepeating rifles. 

Magnum ” rifle, definition of, 13 
Manceaux’s method of rifling, 32 
Martini-Enfield, description of, 493 
Martini-Henry action explained, 487 
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Martini-Henry — continued. 

„ back sight, 528 

„ bullet drop of the, 153 

„ bullet, weight of, 491 

„ cartridge, origin of, 485 

„ rifle, characteristics of, 486 

„ at long ranges, 464 

„ sighting, details, 491 

„ scores made by Mr G. Rosenthal, 493 
„ table of chief shooting points, 492 
“ Marsupial gim,” a, 203 
Match Rifles, trajectory of, 185 

,, W. E. Motford on, 186 

„ velocities with different proportions of powder and load, 197 
Metallic cartridges, introduction of, 454 
Metford (W. E.) on the Match Rifle, 186 
„ B.L., first appearance of, 456 

„ cartridges for the Farquharson-Metford rifles, 501 
„ M.L., score made by Mr. E. Ross with, in 1872, 457 

„ on match rifles, 185 

„ projectiles for rifles. 453 

„ rifling, the, 252 

„ „ first appearance of, 453 

Midland Rifle Club scores, 530 
Militaiy B.L., the modem, 499 
Millner, Mr. J. K., score made by, at Creedmoor, 460 
“Miniature” rifle, definition of, 13 
“ Minutes of angle,” value of, 232 
“ Mirage,” effect of, upon aiming with open sights, 524 
Moist powder, Noble and Abie’s ex[)eriments with, 127 
Moisture, effect of, on gunpowder, 126 
Motion, production of, by combustion of powder, 75 
Muzzle-loaders and breech loaders, match between at 1000 yards, 457 
Muzzle-velocity, calculation of drop from, 168 

National Rifle Association, inauguration of, 450 
Noble and Abel’s experiments with moist powder, 127 
Non-cleaning rifles, 227 
“ Non-recoil ” gim, a, 205 

Non-revolving pistols, see “ Pistols, non-revolving.” 

Ogival-headed shot. Prof. Bashforth s tables for, 156, et seq. 

„ „ method of using, 168 

Osborne’s (Mr. F.) method of testing trajectories, 357 

„ „ of *577 Express rifle, 360 

„ „ of -500 Express rifle, 361 

„ „ of -450 Exj»rftss rifle, 362 

», „ of Martini -Henry sjmrtiug rifle, 363 

» „ of 12-boro rifle, 

Osborne (Mr. F.) on “ jump ” and “ flip,” 354 

Paine (Mr. Ira), trial of Colt’s revolvers by, 435 
Parlby’s (Col.) experiments on recoil, 206 
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Patching bullets, 314 
Penetration of bullets, comparative, 238 
Periods of time and drop of bullet, 52, 54 
Pressure, in tons per square inch, of powder, 85 
Pistols, non-revolving, 438 
Colt’s Dcringer, 444 

Lancaster’s (C.) x>Ateut four-barrelled hreecli -loading hammerless 
pistol, 440 
Saloon pistol, 444 
“Sharps’ Triumph,” 439 
Single-barrelhid, 443 
Pistols, revolving, see “ Revolvers.” 

“ Point-blank,” the phrase, 14, 40 
“ Points ” in sighting, 482 
Positions in firing, 511) 

“ Positively safe,” hammerless action, Webley’s, 261 
“ Pouched ” gun, a, 203 
Pressure of gunpowder gases, 76, 78, 84 
Projectiles, theory of, 36 
Projectiles, Prof. Bashforth on motion of, 116 
„ Prof. Helie on, 116 
Public trial of sporting rifles (1883) at Putney, 368 
„ Exi^rcss rifles, 371 

„ large l)ores, 389 

„ rook rifles, 370 

„ tables of diagrams, 380 et seq. 

Rabbit rifles, 271 

Range used at game in India, 27 

„ „ Soutli Africa, 28 

“ Ratchet ” rifling used in the Webley-Wyley rifle, 509 
Recoil, black j)Owder and Schultze compared, 210 
„ cause of, 200 

„ causes of undue, 348 

„ effect of, 349 

„ effect of atmosphere on, 203 

„ effect of different charges on, 207 

,, estimation of, 200 

„ Forbes, Prof., on, 204 

„ Parlhy’s (C(d.) experiments on, 200* 

„ varying charges of powder with equal weight of shot. 210 
„ with e(|ual charges of powder, and varying charges of shot, 
209 

Recoil-gauge, the Field, 207 

Regulation of double-barrelled rifles, 336 et seq. 

Repeating rifles, Ctdt’s ninga/ino rifle, 288 
„ Winchester, the, 282 

Resistance, atmospheric see Atmospheric resistance 
,, effect <»f resistance on velocity, 118 

„ fn)m various causes to movement of bullet. 114 
Revolvers, classification of, 415 
„ luvessary qualities, 413 

„ origin of, 413 
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Revolvers, Extractixig — 

British Army Extractor, No. 4 pattern, 428 
Liege Revolver, 429 
Smith and Wesson’s, 421 
Tranter doable action, 422 
Wehley’s improved Government Pattern, 423 
Non-extracting, 417 

Adflons’s Revolver, 421 
Army Express, Webley’s, 421 
“ British ” BuUdog, Webley’s, 418 
Colt’s *45, 7iin. barrel, 419 
Colt’s *44 Frontier, 421 
Metropolitan Police, Webley’s, 421 
Royal Irish Constabulary, 421 
Revolvers, trial of, 431 

„ „ Colt’s, 435 

Wfihlftv’s 431 
Rifle, adjustment of the, 326, 336 
,, definition of, 3 
„ Enfield, origin of the, 447 
„ Forsyth’s (Capt. J.) description of the, 9 
„ first made, 14 

„ history of the modem B.L. in England, 445 et seq. 

„ strain by gunpowder on the, 84 
Rifle, summary of history of the modem, 465 
Rifle V. Smoothbore, 6 
Rifling, various methods of, 243 
„ Enfield, the, 244 

„ Henry’s, 251 

„ Holland’s present method, 234 
„ „ -295 7-grooved Rook rifle, 277 

„ „ *295 9-grooved Rook rifle, 277 

„ Lancaster oval bore, 246 
„ Metford’s, 252 

„ of large bores, 256 

„ Rigby’s, 254 

„ Webley’s method, 255 
Rifling Machines — 

Greenwood and Batley’s, 29 
Manceaux’s method, 32 
Muirs’, 33 

Rigby rifle, introduction of, 452 
„ trial at Enfield, 453 
,, long range rifle, introduction of, 454 
Rigby rifling, the, 254 

Rigby-Banks M.B.L. Rifle, description of, 515 
Rook rifles, 271 
„ double rook rifles, 279 
„ Field’s hammerless action, 279 
„ Hollands’ new hammerless, 273 
„ Hollands’ ‘295 hammerless, 273 

„ „ „ diagrams made by, 274, 275, 276 

„ Hollands’ ‘295 7-grooved, 277 
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Biook rifles — continued. 

„ Hollands’ *295 9-groovod, 277 
„ Lancaster’s (0.) oval-bore, 272 
„ Morris’s tubes for, 279 

„ table of diagrams made at public trial, 380, 386 
Hosentbal, scores made by Mr. Gr., with the M.H., 493 

Schultze and black powder compared as to recoil, 210 

Scores made by Midland Rifle Club, 529 

Scores made by Corp. Bates, with the Webley-Wyley rifle, 511 

“ Sharp’s Triumph,” 439 

Sight Elevator, description of, 526 

„ applied to the M.H., 527 

Sights for rifles, 327 

„ Beach front sight, 331 

„ black and white, 522 

„ front sight with side wings, 339 
„ ivory sights, 329 

„ Lyman back sight, 331 

„ “ Peep,” American, 341 

„ Rigby’s, 335 

„ telescope sights, 334 

„ Yemier’s scale applied to, 481 

Sights for “ Any Rifle’ — 

„ calliper, 475, 477 

„ divisions of scales upon aperture sights, 480 
„ Fraser’s back sight, 479 

„ „ fore-sight, 480 

„ „ tubular shade for, 480 

„ hollow bead, 475, 476 

„ solid bead, 475, 476, 477 

„ split bar, 475, 478 

Sighting, “ degree” and “ minute,” as applied to, 482 
„ effect of unsyramotrical stock on, 225 

„ experiments with various charges, 221 
„ methods of, 220 

„ “ points,” adoption of the word, 482 

Sighting the match rifle, Mr Metford on, 224 
Silver’s Transvaal rifle, 280 
Single sporting rifles other than rook rifles, 267 
„ breech actions for, 267 

„ field rifle, 267 

Small-bore B.L. Rifle, development of, 484 
Smith and Wesson’s Revolver, 421 
Smooth-bore v. Rifle, 6 
Solid-drawn shells, manufacture of, 322 
Split bar sight, 475, 478 
Sporting range, what is, 27 
Steel-pointed bullets, 317 
Strain by gunpowder on the rifle, 84 
Sun-shade, Fraser’s reversible metal, 513 

“ T.,” notes by, on the trajectories of rifles, at the Field trial at Putney, 391 
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Tables of velocities, 236, 237 
Target rifle, history of the, 447 
„ management of, 519 
Telescope rifle, Fraser’s, 334 
Temperature and moisture, effect on trajectory, 179 
Time, effect of, in modifying force, 88 

„ experiments at the Field trial of explosives, 1878, 88 et scq. 
Trajectories, method of finding, 146, 154, 171 

„ Bashforth’s (Prof.) tables for Ogival-headed shot, 156, et seq. 
„ method of using, 168 

„ „ works on calculating trajectories, 155 

„ bullets of different calibre having same, 142 

„ bullets of same type as 260grs. *450 bore, 143 
„ 280grs. ‘450 bore, 146 

300grs. *450 bore, 148, 149 

„ „ „ 330grs. ‘450 bore, 150 

„ „ „ 360grs. *450 bore, 150 

„ „ „ 360grs., from 100 to 500yds, 151 

„ ,, „ 400grs. ‘450 bore, 152 

„ „ ,, 4k)grs. -450 bore, 152 

,, „ Martini-H(»iiry, 480grs. 450 boro, 153 

„ *577 elongated and spherical bullets in 100yds, 137, 138 

„ 260gr. type in ranges from 100 to 500 yards, 145 

„ 12-boro, 183, 184 

,, chronograph, calculation of trajectories without, 170 

,, chronograph velocities, trajectories calculated from, 166 
„ Express rifles, 139 

„ „ common opinions respecting, 140 

„ height of, of *577 bullets in 100 yards, 138 
„ „ 260grs, bullets from 100 to 500 yards, 145 

„ „ 300grs, t 3 T^)e from 100 to 500 yards, 149 

„ „ 360grs. tyi)e from lOO to 500 yards, 151 

„ M^Clintock’s (Major), trajectori(‘s calculated by, 403 
„ Holland’s *400 Double Express, 404 

,, Holland’s *450 Double Express, 405 

„ Holland’s *500 Double Exi)rcss, 405 

,, Holland’s *577 Double Express, 406 

„ Jeffries’s *500 Double Exi)ress, 405 

„ Martini -Henry, single barrel, 407 

„ large-bores, 408-410 

„ muzzle velocity, calculation of drop from, 168 

„ spherical and elongated bullets compared, 137, 138 

„ “ T.’s” method of calculating, at tlie Putn(*y trials, 391 

„ Bland’s *450 bore, 397, 400 

„ Holland’s *400 bore, 395 

„ Holland’s -450 bore, 396 

,, Holland’s *500 bore, 400 

»» ^ Holland’s ‘577 boro, 401 

„ time of drojj, calculation of muzzle velocity from, 169 
Trajectory and fall compared with speed, 12 
Trajectory, culminating point of, 173 
„ curve of, 129 

„ drop of bullet in 100 and 200 yards, 57 
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Trajectory — continued. 

G9 71^^72 difference in barometer, 

effect of temperature and moisture on, 179 
lieigLt of, beyond mid-range, 174 

»» „ how to find, 178 

method of calculating height of, by chronograph, 175 
method of taking, Mr. Osborne’s plan, 357 
of large bores, 182, 185 
of 12-bore rifle, 183 
of match rifles, 185 

of the match rifle, Mr. Metford on the, 186 et seq. 
standard range for, 11 
Trajectory and fall compared with speed, 12 ; and see “ Atmospheric 
Resistance ” and “ Bullets.” 

Transvaal rifle, the, 281 

United States Any B.L. rifle team at Wimbledon, 459 

„ first international rifle match in, 460 
second international match in, 461 
„ National Guards v. British Volunteers at Wimbledon, 464 
Velocity, effect of resistance on, 114, 118 

„ from difftirent charges of powder, 94, 95 
„ method of calculating bidlet marks from, 176 
„ of falling bodi(*s, 51, 2^14 

„ of 280 and 365 gr. bullets, with 4idr. of powder, 96 
„ of *500 and *577 bore, with various charges, 97 
„ tables, 236, 237 

Velocity and drop of bullet, 51 

„ and energy of Exprt^ss rifles, 101, 102 
,, „ large bores, 103 

Vernier’s scale apx)lied to rifle sights, 481 

Waddings, 310 

„ beeswax wads, 312 

„ felt wads, 311 

„ lubricator for, 312 

„ work of the wad, 311 

Webley’s Army Express revolver, 421 

„ army revolver, trial of, by Mr. H. Webley, 431 
„ ,, diagrams made by, 432, 433, 434 

„ „ diagram of 48 shots in 3min. 5scc., 434 

„ Britisli arnw extractor. No. 4 x)attern, 428 
„ “ British ” Bulldog revolver, 418 

„ method of rifling, 255 

„ Metro j)oli tan x)olice revolver, 421 

„ “ Positively Safe ” hammorless action, 261 

„ Royal Irish Constabulary revolver, 421 

„ W.G. revolver, 423 

Webloy-Wyley M.B.L., description of 508 
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GUNPOWDER 



EACH FLASK THUS LABELLED. 


Messrs. JOHN HALL L SON 

B eg respectfully to direct the attention of Sportsmen to the varied and well-known 
Brands of their manufacture, which, with the traditions and experience of very 
many years, are yet constantly adapted to the enlarged development of practical scienoe 
in Guns. 


Their familiar SPECIALITIES— the “RIFLE,” "GLASS.” and “TREBLE 


trustworthy and 


.... . „ „ competitive 

Matches, brings ^ny ^lack Gunpov^er to its highest present excellence, and insures those 


)le results which can be obtained by no t^her form of ea^lotioe. 


ICesiFS. SAXjXi*B GUJMHO WDBiB nifty be obtftinedL of ftll Gimniftlconi 
and dealers; and Sportsmen wbo do not fill their own Cartridges will 
do well to insist that the Powder of their choice is used in the car- 
tridges they buy. 


proportionate quality, differ widely from the ammunition on the use of which a man may 
safely stake his reputation, and, as has oftened happened, his life. 


All Kessn. HALL’S Best Sporting Powder sent to Tndiii. no,, 
bears this additional Trade Hark. 


TRADE 


MARK. 



MILLS :-FAVER8HAM, KENT; LOCHFYNE, ARGYLLSHIRE. 

Bitablished by Queen Elizabeth, AJ>. 1605. 


Office: 79, Oannon Street, Xjondon. S.O. 

K H 2 
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SCHULTZE 6UNP0W0ER. 

GaEli^NXJI.A.TEI>. 



WHOLESALE ONLY, AT THE COMPAHT’S OFFICES. 


32, GBESHAM-ST., LONDON, £.0., 

iknd to be bad Retail and in Cartridges from all 
Respectable Dealers. 

THE EBPDTATION OP THE SCHULTZE GUNPOWHEE IS^LAEGELT 
EXTENDING AMONGST SPOBTSMBN, WHO APPBECIATE ITS 

HIGH PENETRATION, WITH LESS SMOKE, LESS FOULING. AID 
LESS REGOIL THAN BLACK POWDERS. 

It waa used by all the Prize Winners at the International Pigeon 
Shootings 1881, 1882, and 1883. 

SCHULTZS aUNPOWDEB yersiiB BLACK GUNPOWDEB. 

Competition at the Qun Club, July hth, 1882, for a Cup and Stve^siahes. 

CoNDiTioiTS — Those using Black Powder allowed to stand one yard nearer 
than their respective Handicap distances. 

Irt. Mr. B. B. Omiliffe, „ yarta. MSTO*. 

“■ehultM” Powder. lllllllllllllioilll 

2nd. Hr. Pearce, 28| yards. 

Schultz# ” Powder. llllllllllIlllOlllO 

Srd. Mr. Turner-Turner, 31 yaids. 

Schultz# ” Powder 111. 111110 

There were other Competitors. 

N.B.— There is only one quality of 

"SCHULTZE GUNPOWDER.” 


Baeh Caaiiter bean a Label with Trade Mark aa abora 
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HOLLAND & HOLLAND’S 

■360 BOI2/E 

BOOEAITD BABBIT BIFLES. 


The following Diapams were made by Mr. Horatio Boss, with 
one of Hollands’ '360-Bore Babbit Bifies. 

Extract from letter received with the Dlaerams. 

Bobbie Lodge, Invebnebb. 
“June 3, 1882. 

** Gentlemen, —I have much pleasure in sending you some Diagrams, made by me, with 
your little Babbit Bifle a few days since. I have never seen better shooting made (with a 
Sporting Bifle) in this country. .... You are welcome to make any use of the DiagramB. I 
Bhot sitting, using a table rest for my elbows. 

“ I am. Gentlemen, yours truly, 

“ (Signed) 


Bangx 86 Yabds. 


HOBATIO BOSS.** 
Bangs 100 Yabds. 



i-SCALE. i-SCALE. 

See alec latter, » Field,” Aug, 12, 1882: 

« I have killed, with one of Hollands' *860 Six Guinea Bifles, rabbits, hares, rook^ seal, and 
about 86 red deer, at distances up to 160 yards. I have killed all the deer dead with the 
exception of four, they went only some 300 yards ** ALINE." 

These Bifies are more powerful, and are sighted to a longer range than Uie *296 (see previous 
page), and are specially adapted for 

SEAL AND BABBIT SHOOTING. 

BUCK SHOOTING IN INDIA 
EANGAHOO, &c., SHOOTING IN AUSTHALIA 

They are perfectly accurate up to 160 yards range. Shooting may be tested before purchase at 
our Private Bange. Bifies exchanged free of charge if not approved of. 

5 TO lO GhTJI2SrE-A.S- 
HAMMEBLESS, 10 guineas. DOUBLE-BABBELLED, from 20 guineas. 
Orders from strangers should he accompanied by Bemittance or London reference* 


HOLLAND AND HOLLAND, 


OUN AND BIFLE HANVFACTDBEBS, 

BT SnOIAL APFOnreMIHT TO K.H. THE KIBGL OB ITALT, 

And Winners of all tho “Field” Trials, 1883. 

08, NEW BOND STREET, LONDON, W. 
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HOLLAND & HOLLAND’S 


NEW G.F. HAMHERLESt PUNT BUN “THE LONDON.” 



Ste^ Baird, bored oat of the solid, fitted with Patent Extractor. 

See letter from E. T. BOOTH, Esq., in the “ Field,” Ang. 27, 1881 : 

“The Flint Gnn (Itin.) I obtained from Messrs. Holland proved itself far 
superior to what I could have anticipated. The shooting is, 1 believe, far stronger 

than that of any gun I had previously used Although it had been exposed 

to a good deal of rough work and salt water, the action worked perfectly the 
whole season, and never on any occasion gave the slightest trouble, neither did a 
single cartridge ever stick in the barrel.” 

The Editor of the “ Field ” writes (see “ Field,” Feb. 18, 1882) : 

“ In Punt Guns this firm (Holland and Holland) is now /ocile princeps. Their 
steel breechloader being generally admitted to be the best in the market. These 
guns are fitted with loop for rope breeching, and with Hawker’s sprinor arrange- 
ment, or with the Booth recou block and buffers from drawings supplied by 
E. T. Booth, Esq. 


4-BORE C.F. GUNS. 


Specially bored for Large Charges, killing to 150 yards 

See letters to the Editor of the “ Field : ” 

“ Sib,— -Having heard that in a December number of your paper there is an 
inquiry as to the ran^ of large bore shoulder duck guns, he might like to know 
that I have killed birds at IdOyds. range with a 4-bore gun made by Messrs. 
Holland, of New Bond Street. With the recoil heel-plate there is no recoil to 
hurt the shoulder. Signed “ Elcho.” 


“ Sib,— I n answer to J. O. respecting shooting of 4-bores, I can with confidence 
recommend him to go to Messrs. Hollamd, of Bond-street, for I have shot with 
manv 4-bore jrans, and certainly have never found any equal to the one built for 
me by that firm. It is a wonderful killer, as well as being a particularly light 
and handy gun ; charge, 9dr., and wire cartridge, killing at 10()yds., and frequently 
at much mater distances. I am so pleased with the gun that I am having a 
punt gun built by the same makers. Signed “Alex. Hatfield. 

“ Morden Hall, Morden, Surrey.” 


Also 8-Bore Single and Doable Barrelled HA1CXEBLBS8 GXJXS 
and Short Barrelled 10-Bore CBIPPLE STOPPERS. 

The above Guns aw fitted with Recoil Heel-plateSt Pistol Chip, ^c, 

HOLLAND & HOLLAND, 

wnnrEBS or au. the "field” bifle tbials, 

G-UN AND RIFLE MAKERS. 

By SpaeiNl AppolntBMit to E.H. THB KOTO OB ITALT, 

98 , NEW BOND STBEET, LONDON, W. 
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HOLLAND & HOLLAND’S 

“CLIMAX” 

SAFETY HAMMERIESS GUN. 

SIMPLE. STfiONO. AID) PEBFECTLT SAFE. 

See the “Field," Feb. 18, 1882. 

« One of the safest gnns to use that we have seen ; it is absolutely free from 
any possibility of accidental discharge unless the trigger is pulled.*' 



Climax Safety, showing block 
intercepting the fall of the 
hammer if jarred off. 


Fitted with the New Patent Gas Check, 
preventing any escape of gas into the 
locks. 

One of the most perfect weapons yet 
made. 

Being exceptionally strong in the action, 
they are especially adapted for any size np 
to 4-gange, and are chambered for the New 
‘‘ Perfect ” Brass Shell when required. 


NEW TOP-SNAP EJECTOR 

HAMMEULESS GUN. 

SlSCma TEI EXFLODSD CASE AEIEB EQtlNa. 

Prices : First Quali^, 35 guineas to J645. Second Quality, from J625. 


Guns Exchanged Free of Charge if not Approved of. 


HOLLAND & HOLLAND, 

WINNEBS OP ALL THE “FIELD” BIFLE TBIALS, 

GUN AND RIFLE MAKERS, 

By Special Appointment to H.K. THE KIHG OF ITALY, 

98, NEW BOND STREET, LONDON, W. 
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HOLLAND & HOLLAND’S 

SPECIAL £15 C.F. 
BBEEGHLOADING GTTNS. 

SNAP OS LE7EB ACTION. 
REBOUNDING LOCKB. 



These guns are plainly finished, but are really sound and well- 
made weapons. Shooting guaranteed in every way. 

I liave, for myself and friends during the last nine years, had some Fobtt* 
nvs or Hollands’ j815 Qunb, and can speak in the highest terms of them. I 
have shot my gun hard for the last nine years, and it is as sound, and shoots as 
well, as the first day I had it ; and my friends give excellent accounts of theirs ; 
not one of the guns has yet had to be sent to England for repairs. 

** Yokohama, Jan. 20, 1879. (Signed) **J. J. Dark.** 

These Ouns, fitted with Joseph Brazier’s best quality re- 
bounding locks, and better quality stocks. Price £ 17 . mien 
desired, they are specially bored and chambered to take the New 
Brass “ Perfect ” Shell. 

Messrs. Holland have every confidence in recommending these 
Guns to Sportsmen requiring a really good sound, but plainly 
finished weapon, fitted with the very highest quality locks. 

Chins Exchanged Free of Charge if not Approved oil 


HOLLAND & HOLLAND, 

WINNERS OF ALL THE «FIELD’* BIFLE TRIALS, 

GUN AND RIFLE MAKERS, 

By Special Appdatiiieiit to HJL TEX EIHO OF HALT, 

98, NEW BOND STREET, LONDON, W, 
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HOLLMD & H0LLAM)’S 

WINNING '295-6AU6E ROOK RIFLE, 

SEMI-SMOOTH BOBE NON-FOULIHO BIELINCI 

(BBGIBT1IB3BD). 

ANT NUMBER OP SHOTS MAT BE FTBED WITHOUT CLEANING OUT. 

AUTKElTTZeATED DZAOEAK of 
the 295-Eore WINNING EIFEE in 
the great FIELD ” Bifle Trial, Londoiip 
October, 1883. 

Twenty Shots at 50 yards WITHOUT 
CLEANING OUT, all in a liin. square. Eyery 
shot would have slznck a half-crown piece. 


“ An tinequalled performance.** — See The 
Field, Oct. 20, 1883. 

Certainly the best shooting' we have eyer 
Full Size, 50 Tabds. seen.** — Field, 

HOLLANDS’ NEW PATENT *295 HAMMERLESS 
ROOK RIFLE, “THE ROSS.” 

“ A Book and Babbit Bifle which completely fnlfils all the oonditions 
required by the Sportsman, and may be considered an absolutely perfect 
weapon.** — Field, April 14. 

Mb. Horatio Boss writes: “Tour Bifle is the most accurate weapon 1 
haye eyer had in my hands.** 

Each Rifle g^oaranteed in every way, and may he diet at onr 
Private Range at Eenaal Green before Pnrdiaee. 

PRICES 5 TO 10 GUINEAS. “ROSS” HAMMERLESS, 
lO GUINEAS. DOUBLE-BARRELLED, from £25. 


EOLLAin) & HOLLAin). 

GUN AND RIFLE MAKERS, 

Bt Special Appoxvtmiht to HM. THE CNG OF ITALT, 

And winners of all the " Field ” Rifle Trials, 

98, NEW BOND STREET, LONDON, W. 
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HOLLAND & HOLLAND, 

wnnnBBB of aiiZi thx: »fxhiu>'' bifijd tbujiB. ibss. 

DOUBLE EXPRESS & BIG GAME RIFLES, 

With Special Non-Fouling Bifling, giving great accnrac^ 
with the flattest trajectory obl^nahle. 



DIAGEAH HADE BY 

THE 

WINNING *500 BOEE 

Double Express 
BIFLE. 

Range, 100yds. Charge, 5drs. 
Trajectory, l^in. 

Mean Deviation, 1'09. 
Striking Energy, 3134 foot-lbs. 


PBZCSS, BEST QVALZTT, FBOH 45 to 56 OUIBEAS. 

SEOOES qUAUTT, TBOV 86 to 40 OUZHEAS. 
TKZSZI QUALZTT, EXIOM 80 OUZEEAa 


DEEB STALEIBG BIFLES, ‘400 AND ‘450 BOBE. 

Viscount MandeviJiLE writes : — “ I shot with your Express all the season a€ Arran, 
and out of nineteen stags I fired at I got eighteen. It is ue most accurate Bifie I ever 
handled. . . . ," 

BAEEB ‘577 EZFBESS DOUBLE BIFLES (6-DB&), 

MAY BE USED WITH A SPHEBICAL BALL FOB DEEB RHOOTINQ, OB WITH 
EXPBESS OB SOLID BALL FOB BIG GAME. 

Bib Samuel Bakeb writes: 

“ ^ “ J ubblepoor, May 20, 1880. 

^ have jnst retnmed from a month's trip in the jungle, and can give you the practical 
resnltB of me *577 O-drs. Bifle you made for me. WUhovt exertion it is the best Jti/le I ener 
possessea. I hape only had three shots at tigers-^they neyer moved their own length from tha 
moment of receiving the bullet. 

ALL RIFLES MAY BE TESTED BEFORE PURCHASE. 


HOLLAND &. HOLLAND, 

WINNEBS OF ALL THE “FIELD” BIFLE TBIALS, 

GUN AND RIFLE MAKERS, 

BT BraoiAL APPoniTlim to B.X. THE KIVO or ITALT, 

98, HEW BOHD 8TEEET. LOHDOH, W. 
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AWAEDED 3 MEDALS INTEENATIONAL EXHIBITION. 
CALCUTTA. 18834. 

CHARLES LANCASTER, 

Inventor and Patentee of the 

FOD'R-BA.RREL. 

B.L. HAMMERLESS SUN, 

Weight 71b. 4o2., and 

Weight 101b. 


455 C. 
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CHARLES LANCASTER. 

INYSVTOB OF THE 

NON-POULIKG SMOOTH OVAL-BOEE 

FOR 

EXPRESS 

nea, *400, *400, *000, ..d *0771. Prim ftoi 030 t* <00 lOi. Koto 

ROOK AND RABBIT 

(295, *820, *360, and *380). Fricei £5, £8, and £10 Vatt. 

HAMHERLESS ROOK AND RABBIT RIFLES, £10 Nm. 

AND 

MINIATURE MATCH RIFLES, 

Prices £8 plain; £10 with orthoptic sights. 


The following Letters are some of those that have appeared 
in “ The Field.** and are a sample of those that 1 am constantly 
receiving from all parts of the world ; 

THE LANCASTER OVAL-BORED EXPRESS RIFLE. 

“The Field,” Adq. 6, 1881. 

A friend of mine has called my attention to the correspondence which has taken place 
In The Fidd” regarding the merit of Charles Lancaster's oval-bored Express rifles. 

1 have shot In various parts of the world during the last thirty-five years, with all the new 
improvements made by the best rifle makers in the United Kingdom, and I have no hesitation 
in affirming’ that, for sporting puiposes, the Lancaster double breecbloading Express is the best 
rifle which exists. Xn saying this, 1 do not wish to dit^arage other makers whose rifles are also 
reiy near perfection; hut that Lancaster heats them I am convinced, and for the following 


JiegTWt Object to be obtained is a qiortisg rifle is accuracy, with the flattest posdble 
traiectory np to, say, 2&0 yards. This is only to be obtained by a high velocity for the ball 
during its passage over that distance. The initial velocity of the ball depends upon the homing 
of BO muc^ powder In the barrela. The accuracy of the ball's flight depends upon Its rotary 
motion. That rrjtary motion in imparted by the grooving ol the rifle In most fiMtrt, and by the 
oval-bore in the Lancaster case. 

With a given amount of powder, the smaller the resistance to the ball in passing through the 
)S® 1^ initial velocity on leaving it, and the less will be the raooU of the 

rifle. The grooves on the inside of a barrel naturally prove a greater resistance than a amooth 
aurfo^ therefore the smooth surface of a Lancaster barrel givee less reoistonoe aiiy 
grooved barrel, and for a given amount of powder the Initial velocity of the boll must be 
greater and the recoil less. ' 

The ball having left the rifle, the great object is to keep np its velueity to the bfeheet possible 
^^h f^j^ sake of a flat tra/eotory, and to keep up its rotaiy motion for the soke of ooenracy. 

lh.bdlth.I-. 

n *1** ov^-bore, the boll leaves the barrel with a smofyth eurfoeeu 

** *" i®aa®d •“d indented by the groovee. Therefom, wtth 

^®*®i'T?,^don on leaving the barrel, the LonoastSb^l wUl keen m 
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“ The Field,” May 27, 1882. 

** Biaon” aaka for Information ^th regard to oral smooth-bore rifles. I hare just retamed 
from a shooting trip to Ceylon. I took out one of Lanoaster's *600 smooth oval-bore 'double 
hammerlesB Express rifles. I found that it was very accurate, and made better penetration 
than other rifles on the grooved system of rifling, in some of which the weight of the bullet was 
not BO wdl regulated to the charge of powder, it never got leaded, and was easy to clean, and, 
though roughly used in a hot, damp, trying climate, never got out of order; and by using a 
hollow or solid bullet, as the case required, 1 was able to kill every sort of game with it, from 
peacocks to elrahants H. N. B. Good. 

The Priory, Berwick St. John, Wilts, May 23. 


“FIELD” TRIAL OP OVAL-BOBB EXPBESS. 

In “The Field *’ of Feb. 17, 1888, the Editor writes as follows : 

On Monday morning last, after several adjournments owing to the weather, we proceeded to 
Mr G. Lancaster's ground at Wormwood Scrubbs, with a view to witness a trial of one of his 
oval-bores, which we have been requested to do by several correspondents. The morning was 
by no means favourable to good shooting ; indeed, the wind was so high as to tax the strength 
of the shooter in keeping the barrel steady. It blew from the right front of the range, and 
occasionally with great force, with a few drops of rain, which necessitated an umbrella being 
held over the front sight. 

The rifle was a single *500 oval-bore, with Mr. Field's action, weight 101b. 6oz., length of 
barrel 26in. We began with a aeries of ten shots, with lOOgr. 0. and H. No. 6 and 600gr. pure 
lead bullet, having a cavity in front, l-16th in. in diameter, and half the depth of the bullet 
distance 100 yards. 

First eight shots were grouped in a space of 61n. by 4in., the ninth l^in., and the tenth 4in. to 
leeward of the group. 

Second series.— Powder, IfiOgr. ; lead 440gr. pure soft lead, with a cavity in front fllled with 
wax. Eight shots were fired, of which the first six were in a group 8^in. square ; the seventh 
was 6in. from the centre of this group to the top right. Mr. C. Lancaster, having previously 
stated that he was hitherto making no allowance for wind, now declared to make a bull (l&in.) 
by allowing for wind, and did so. 

This performance, even without taking into consideration the gusts of wind which were 
blowing, is a very good one, but, making allowance for this drawback, our readers will, we 
think, agree with ns that it was highly satisfactory to Mr. C. Lancaster, who, besides being the 
maker, shot the rifle himself. 

The initial velocity of the heavy ballet was about 1620ft. per second, and that of the lighter 
one 1750ft., as taken by the chronograph belonging to Messrs. CnrtiB and Harvey; consequently, 
there shotJd be a difference of about lin. in the devation of the two at 100 yards on this 
calculation, yert in practice, though Mr. C. Lancaster took the same sight throuirhout, they were 
as nearly as possible alike, which can only be accounted for by the greater “ jump '* given by 
the heavier balL This is a veiy interesting fact in support of the “Jump ” theory. 


NOTES ON RIFLES. 

« The Field,” March 17, 1888. 

Sir,— Having read with much interest the various letters that have appeared in your columns 
respecting rifles for doer stalking, I beg to hand you return of my own shooting during the 
pastseason, with one of Charles Lancaster's Smooth Oval-bore Express Bifles, *460 bore, double 

first day of the season I killed five stags— viz., two rights and lefts, and one single. I 
then went on killing without a miss till I reached twenty-five, and in the afternoon of one day I 
vninii a right, and left and a single. I then killed on up to my fortirth. when I made ^o 
^ses, a^ tLon to flfty-flve without a miss. I killed seventeen stags in four days, bonft.flde 

"^rMsfinished the season for stags. In due time I began the hinds, and kUled forty-five 

"iSiWmMltton thst all theM daln bewta were oot picked ohram, tat that I took Uam aa 
there^ at raiigeo,arjiii*from40to*00goodyarda,the b^te In all poalUoMtadpaoea, 

down, and galloping, and all sheer stalking. 

and I b^ve it is the best that ever wae 


is., standing in every position, walking, IjJngd^, 
This spMks volumes for the accuracy of tte rifle, 


T trust that mv reooid may be the means of showing stalkers that a rifle can be 
b,S“t'S’^Soh‘S2,WSSee., Ja with U«.orn.,eoontoth.*o««r.o^th. 
■mooth interior of Se barrd. i4 isfis FaAEK morbisoh. 

8, Oromwell-hOttBOS, South Kensington, S.W., March 14, 1888. 
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GHAfiLES lAEGASTEE 


Begs most respectfully to inform his Patrons and Sportsmen 
that the following are his CASH PEICES for 


CARTRIDGES 


for tliis Season, viz. : 

12-Bore C.F., 3drs., Uoz., at 10s. per 100. 
16-Bore C.F-, 2idrs., loz., at 98. 6d. per lOO. 
20-Bore C.F., 2drs., |oz., at 8s. per lOO. 

Eley*8 Best Cases, loaded with Cnrtis and Harvey’s best powder, four best 
wads, and bard shot, thin packing oases included. 

Schultze or “ E.C.” Powder Is. per 100 extra. 

Stout Oases FOB BAIL, 6d. first 200, adding 2d. each additional 100. 

N.B. — ^All Obdebs must be Accompanied by a Bemittance. 

Packed in extra Stout Packing Cases, lined with tin, for India, at lOs. per 
1000 extra. 

O. L. delivers Loaded Cartridges at Bombay, Madras, or Eurracbee, at the following rates for 
freight, plus the price of Cartridges and Packing Cases, viz.;— 

1.000 at £2 2 0 5,000 at £3 0 0 9,000 at £4 15 0 17,000 at £7 0 0 

2.000 at 2 10 0 6,000 at 3 10 0 10.000 at ...... 5 0 0 18.000 at 7 5 0 

3.000 at 2 15 0 7,000 at ...... 4 0 0 15,000 at 6 0 0 19,000 at 7 10 0 

4.000 at 2 17 6 8,000 at 4 10 0 16,000 at 6 10 0 20,000 at ...... 7 10 0 

N.B.— Cartridges cannot bo shipped direct to Calcutta, only via Bombay. 

Insurance charged at the rate of one per cent, extra. 

C. L. begs to draw the attention of Sportsmen to the following figures, giving 
a return of the Cartridges he has supplied, viz. .* 

89,538 in 1880. 

322,222 in 1881. 

442,263 in 1882. 

505p664 in 1883. 

Clearly demonstrating that his Cartridges are yearly gaining in favour, owing 
to the superior quality of materials used, and the ezoellence and regularity of 
tlie loading. 

ioading boom open to inspection at 

151, KEW BOND STEEET, LONDOB, W. 

DETAILED PRICE LISTS ON APPLICATION. 

S8TABLISHSD 1826. 

[sex fbetioub page. 
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mPBOVED HAMMEBLE8S OTTUT, 

With Rlgrby's Patent Vertical Grip and Safety Boltina. 

A SPECIAL MAKE OF STEEL BARRELS. 


The Editor of the Field in hia report of the Gun, January 7, 1882, says ; 

** In this action all our ideas are carried out to the fullest extent.” 

• Altogether we consider this the best safety bolt we have seen.” 

‘ In Mr. Bigby's Gun the action is as strong, or even stronger, than any of its rivals, the 
barrels being kept down by the well-known Purdey bolt, and the spring at the angle prevented 
by a top connection, into which travels upwards a perpendicular bolt similar to that designed 
py us, but improved upon in a simple manner by leaving the metal of the body intact between 
It and the barrels, by which it is well supported as if it were a part of the action itself.” 



Celebrated for their Eilling Power, Accuracy, and First-class Workmanship, 
insuring Durability. 

Ganges *577, ’500, '450, '400, '380 ; Weights from 111b. to 51b. 

The Annual Sportsman's Contest in India was won with Bigby's *450 Double Express the 

the last three years. 

BBEECHLOADINO. MATCH. MILITABT, AND EXPRESS 
BIPLE8 WITH BIOBT’S IHFB07ED ACTION. 

ALL SPORTING NECESSARIES SUPPLIED. 


FBIOB LISTS, Ao« ON AFFLIOATIOIT TO 

JOHN RIGBY & CO., 

24, Suffolk-St., Dublin; and 72, St. James’s-St., London. S.W. 
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J. & W. TOLLEY’S 

« STANDARD ” 

HAMMERLESS GUN. 

Opening with the Weight of its own Barrels. 

Fitted with Patent Intercepting Safety Bolts, Blocking Bolts^ 
Triggers, and Tumblers, Gas-check Strikers, preventing the escape 
of gas into the locks, ordinary Side Locks, which may be easily 
removed for cleaning. 


From “WILDFOWLER," May 22, 1884. 

“ MesBra. Tolley liave made me this aeason a double bammerleas 12-bore 
ahorfc-barrelled for rabbit ahootmg' in very thick covert, and this gun haa griven 
me the utmost satisfaction. It is one of smartest guns I have ever used, and I 
have shot admirably well with it.” 

Price jeia 138.. JS15. 15s.. J617. 17s, m £25. £30. ft JB35, 


LONG-RANGE WILDFOWL GUNS. 

Guaranteed performance of lO-Bore at 100 yards. 

ss *■ •. a f, (f 120 ,, 

tS >f ff 4 fl II 150 .. 

PEICIS An INJU. PASnCOLABS OH AFPLICAnOH. 

J. & W. TOLLEY, 

KAK1B8 BT SPBCIAL APPOIBIHBBI TO IHB 
PEBSUa BOTAL PAKILT, 

PIONEER WORKS, BIRMINGHAM, 

Ain> 

1. CONDTHT-SI., BEGENT-ST., LONDON. 
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J. and W. TOLLEY’S 

EXPRESS AND BIG -GAME RIFLES. 

OUTFITS FOB. BIG-GAME EXPEDITIONS. 


All our Bifles are bored on our non-fouling rifling eystem, giving the greateet accuracy with 
the flattest trajectory yet obtained. 


AUTHENTICATED 


OF 

•450 DOUBLE EIPBESS, 


At lOO Yards. 


8 SHOTS WITHOUT CLEANIHO OUT. 


Target x 2^V 


From Rev. C. J, Todd, R.N.— H.M.S. “Euryalus,” Tricomalie, Ceylon, Feb. 5, 1883. 

“ 1 was delighted with the 8-bore Double Bifle, killing with it five big elephants, four of them 
with a single ball each. The accuracy is also very great. I shot a bufTalo bull at 120 yards 
right through the neck, which, with his head, was the only part visible. I missed with the second 
shot, but with a third shot at 150 yards shot him dead through the heart." 

From A H. Macartney. Bsq — Newera Elliya, Ceylon, April 25,1882. 

The 12-bore ^ Forsyth ' Bifle you sent me was an excellent weapon ; none could be better. 
It did such execution as has never before been equalled. The first time I went out 1 saw three 
rogue elephants of enormous size ; one shot sufficed for each of them. Then I went out with 
Lieut. Honnay, B.E., now in England. Wo saw twenty-one elephants, and killed them all 
between us, fourteen falling to your rifle. Once it saved our lives, a charging rogue falling 
dead to it within six foot of where we stood.” 

From B. W. Wise, EsQ. — Doolahat, N. Lakimpur, Assam. 

Messrs. J. and W. Tollet, Birmingham. 

“ I have much pleasure in informing you of the safe arrival of the 4-hore rifle. I tried it 
to-day, firing three shots out of each barrel, mid at 40 yards I put the six bullets in a small 
envelope, and at that distance 1 will put as many bullets into an envelope as I can with my 
•600 * Express.’ I must certainly give you credit for the splendid weapon you have built me. 
I used no rest when 1 fired it, and the recoil (with Anti-recoil Pad) is no more than that of a 
•600 ‘ Express.’ ” 



Express double, *400, *450, *500, and *577 bore, J625. 

12-bore, double £25 I 8-bore, double J635 

10-bore, double ^228 | 4-bore, double -845 


SpecimexLB, UiagramB, Drawings of Traaectories, TestimonialSi be., on application. 


J. and 'W. TOLLEY 

(Makers, by special appointment, to the Persian Boyal Family), 

Pioneer Works, Birmlngbam, and 1, Condnit-st., Regent-st, London. 

O O 
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BLAITFS SPECIAL EXFLES. 


NEf UHEBLESS SELF-EXTRiCTING 

ROOK & RABBIT RIFLE 



In *230, *300, and *360 Bores. 

lO OTJIIiTE^S. 
SIMPUCITT OF ACTION. ACCTTBACT 0? SiaHIINa. 
SPECIAL NON-FOTJUNO BIFLINO. 


Authentic Diagram of 21 
consecutive shots made with 
the above Rifle, '360 bore, at 
100 yards, WITHOUT 
CLEANING. 


SOALI: OKE-HALF SIZE. 

Also a SPECIAL BIFLE, on the same system, prepared 
eq^ssly for the Cdlonies; *440 hore, using the Winehester 
cartridge, and sighted to 250 yarda 

Price 10 (Guineas. 

Tto Editor of “ Land and Water,” before whom thla Special Bifle was recently tested, 
in his iaane of April 12 last, writes: **Not ons shot would Have mibbsd a book, akd 
THIS, AT 260 TABOB, IB ADHIBABLB WOBK/* 





Sar- EXTRACTING ARMY REVOLVER. 


CALIBRE *466. 

Price £2, 17a. 6d. 


to aecnracy, WE 
GOOD AS WITH 


ANY BEVOLYEB WHICH WE HAVE YET TRIED.** 
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“TliE O-'CriiT” 

A RIFLE AND SHOT GUN COMBINED. 

*677/460 Henry Bifle, and 12-bore Shot. I *460 Ezpreee Bide, and 16-bore Shot. 
*600 Expreas Bide, and 12-bore Shot. I *400 Ezpreae Bide, and 20-bore Shot. 

le C3-TJZISrH3-A.S. 


The "Field** of Oct. 18, 1877, aays of the Cape Gnn.’* 

** Selecting one at random from etoc^ we tried the rifled barrel, first at seventy, and 
afterwards at 100 yards, from an ordinary rest, and were able to put ball upon ball at 
BOTH DiSTANOEB, SO that the truth of its shooting from the rifled barrel is good enough for any 
purpose, and, indeed, cannot bb excelled even bt the most expensive rifle in thh 

MARKET." 


Authentic diagram of 12 
consecutive shots made 
with one of BLAND’S 
EXPRESS DOUBLE 
RIFLES, ’dOO bore, each 
barrel being used alter- 
nately. 

Distance, lOO yards. 

Scale, one half size. 

EXPRESS DOUBLE RIFLES, 

•360, “400, “450, “600, and “577 Bores. 20 GUINEAS. 


a7E3STIlSd:02Sri-A.IiS. 

From H. Jonei Bateman, Esq., Kheri, Ondh, India, Ang. 8, 1879: 

I have every reason to be perfectly satisfied with the *500 Express you sold me three years 
ago. It compares favourably with rifles costing double the price." 

From T. Foljambe Hall, Esq., Maeonie^ Hotel, Grahamstown, South Africa, 

May 18, 1882 : 

«( I have delayed hitherto in writing to you about my rifle, as I wished to give it a thorough 
trial. I have now done so, and can truly say that it has more than fulfilled my utmost expecta- 
tions. At all ranges I have found it most accurate, the action has withstood every test of 
weather, and the workmanship leaves nothing to be desired." 

From B. Percy Finder, Esq., Indian Forest Department, Hov. 8, 1882 : 

^ ... My rifle C.F. *500 Express, built by you, is a magniflcent weapon; indeed 1 have 
never used one that I like so well." 

From Major Wiibraham Taylor, Bifle Brigade, Balganm, Bombay Freeidency, 

Eov. 21, 1888 * 

have received the *500 Express Bifle, and am much pleased with its shooting. It is a 
good serviceable weapon, and just what I wanted." 


N B.— Any of the above can he delivered free in either of the large porta of India or of Britieh 
Burmah, in a tin-lined case, for £1 le. more. 


T. A^ISTD SOISTS. 

* Addresses: 

106, STRAND, LONDON, W.C. (Opposite Exeter Hall); 
62, SOUTH CASTLE STREET, LIVERPOOL; 

And 41, 42, and 43, WHITTALL STREET. BIRMINGHAM. 




8i inches. 
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ADAMS and CO.’S 

New Hammerless Gun “TEE RELIANCE.” 



By which the Hammers remain perfectly blocked until the moment of pulling the triggers. 
Aosolutely safe against accidental discharge. 


EXPBESS DOUBLE BIFLES, FBOM ‘360 TO ‘577 BOBE. 

The diagram given below is a fac simile (reduced) of the shooting of one of our *577 Expbess 

DOUBLE Bifles, and published in the 
“Field,” July 18, 1883. It was shot from Mr. 
I ■ ' ■ ■ I-.-- . Jones's machine rest in the presence of the 

^ Editor of the “ Field.” 

The Editor remarks: our great as> 

tonishment we got the diagrams made, which 
~ we publish this week, in one case from a *450 

^ bore, recently made by a well-knoum firm, 
other from a *577 bore, made by 
Messrs. Adams, of Finsbury Pavement, about 
£ wlwi ^ since which it has been used in 

India by a well-kno^vn sportsman. The *577 
diagram is a most excellent one, beating very 
considerably repeated trials from the shoulder. 
From the shoulder, the best diagram made 
was Gin. x 4iin. From the rest, the annexed 
splendid diagram was obtained; the shots 
I are numbered B. and L., and it will be seen 

■ the group is quite free from any kind of 

8f inches. uniformity, the shots being spread indis> 

10 CONSECunvB Shots at 100 Tabds. criminately.” 



6 inches. 


** FIELD” BIFLE TRIAL AT WIMBLEDON. 

OCTOBEU GTH, 1883. 

Fac simile (reduced) of diagram made from the 
shoulder with Adams and Co.*8 *500 bore Elxpress 
Double Bifle, at 150 yards, being the best diagram 
of the class made at that range. 

ADAMS A CO.’8 

HABTDn-ZELLEB FATEMT BIFLES. 

Fob Book, Babbit, and Small Dbkb 
Sbootino. 

Self Cocking. Ejects the fired cartridge clear of 
the rifie. Accuracy of shooting unsurpassed. 
'380 Bore, price £3 ; *360 Bore (extra quality), 
price £4. 


HAMMERLESS AND HAMMER EJECTOR ROOK RIFLES. 
"300 Bore and *360 Bore. 


GUN, BIFLE, AND EEVOLVEE MANUPACTUBERS, 

32, FINSBURY PAVEMENT, LONDON, E.C. 

PRICE LISTS POST FREE. 
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JAMES WOODWARD & SONS. 

PATENTEES AND MANUPAOTUBEES OF 

“THE a.xjtom:a.tio” 

Patent flammerless Safety Gnn, 

FOR WHICH A PRIZE MEDAL WAS AWARDED 
AT THE PARIS EXHIBITION. 



H aying had six years* experience with perfect success, we have the 
greatest confidence in recommending our Hammerless Safety |^Gun* to 
our clients and their friends. 

One of the numerous advantages is that the same locks and actions are 
used as in ordinary bar guns, with the exception that the hammers are inside 
instead Of out ; in other respects the outlines are precisely the same. The 
hand lever centred on the trigger plate has a lifting bar hinged to it, which 
bears on the arms projecting from the tumblers. It raises the locks, and at 
the same time moves a safety bolt over the ends of the triggers, and one 
in front of each hammer, so that, should the lock be jarred off by a fall, the 
safety bolt in front of the hammer would catch it in the throat immediately at 
starting, rendering it impossible for any accidental explosion to happen. The 
construction of the lifting bar, hinged on the hand lever, is so arranged that very 
little force is required to raise the locks, consequently the same weight main- 
spring can be used as in a gun with outside hammers, avoiding any chance of 
miss-fires so often complained of in hammerless guns 

Our great safety point is that on opening the gpm all parts are bolted, and, 
however clumsy the attendant loader may be, the shooter is perfectly safe 
compared with outside hammer guns that are always liable to be loaded at 
full cock. 


FOB PBICES AND FULL PABTICULAEB APPLY TO : 

JAMES WOODWARD & SONS, 

EXPRESS GUN AND RIFLE MANUFACTURERS, 
64, ST. JAMES’S STREET, 

Manufactory -1, BliTJHS YARD XOMDOXT. 
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FRASER’S 

FATEBT SIDE IiEVEB EXPRESS 
SOraiiE BIFDE. 

In strensTth and simplicity of look mechanism 
equal to any Military Arm. It forms, when 
fitted with a barrel on our Improved system 
of rlfllna. one of the most effective sporting Jm 
weapons yet produced. 

SIMPLE TO MAEIPULATE, AMD EASILY ^ 
CLEANED. ^ 

8elf-Cocklng, Self-Extracting, and Safe 
BABBELS BOBED FBOM TEE SOLID ODT ^ 

OF CBUCIBLE STEEL. ^ 

Perfect accuracy and flat trajeoto ry. JW 
guaranteed. Jm 


Attention is solicited to our new 
pattern of engraving, after pnre 
Celtic designs, by Hubert W. | 
Baton, Esq. This style of oma- A 
ment is extremely handsome, 
and is admirably adapted for 
the decoration of high-class 
Guns and Bifles intended 
for presentation. 


M SPECIALITIES. 

EZFBE88 DOUBLE 
W SINOLE RIFLES. 

^ Fitted with Col. Davidson's Patent 
Telescopic Sights. 

Suited for Sportsmen with Failing 
Vision. 


MINIATUBE 

/ EXPRESS DOUBLE AND 
SINGLE RIFLES. 

BOOK AND BABBIT BIFLES, 

With Lyman and Beach Sights. 

In *220, *295, *300, *320, and *360 gauges. 


MINIATURE 

siisrcs-XiiEi :E33c:E>3a3Esss- 

Fraser Patent Action. 
Intbrchangeable Barbels. 


4. LBITH BTBrar TBBB&OS. BDnTBUBaH. 

Patentees and Manufacturers of the Match Rifle adopted by the 
National Rifle Club of Scotland. 
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WESTLEY RICHARDS' ^ 

PATENT DOUBLE 

HAMMEBLES8 EXPRESS RIFLES, 

For Deor-Stslking or Iiarse Ghamo. 

•400, .450. -SOO, and •Sr'T. j 
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Sole Mannfacturen for the 
DEELET-EDGE-METFOBD RIFLES, 
HILITART, HATCH, and SPORTIEa EXPRESS 

deelet-edge rook rifles, 

*820 OB *880 BOBBB. I 

HJLbflAT LIRE EXPRESS RIFLE, *300 Bore. 

As a MUita^ Rifle the Dedey-Edge is nneqoalled. At the 
Wimbledon Mating, Jiily^888, the whole of the flye pTiaee in 
the competition for the **Diike of Cambridge" jj^ee, and 


the whole of the flve prises in the competition for t 
prises, were won with these Rifles, besides nnmerons other * 
prises at the same meeting. . 


ie*<Ba8s'' 
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IMPROVED BREECHLOADERS. 

XABGEST STOCK IN LONDON, BEST WORKMANSHIP, WITH 
LATEST IMPROVEMENTS. 

Top and side lever, hammers below line of sight, fine Damascus or compressed 
steel barrels, choke bore, &c. 

Light 12-boreB for Kynoch’s brass cases mark 14, twelve wad. 

Pairs of Guns and sets of three in same case ready as in stock, finished or made 

to order. 

SPECIAL piCEON GUNS. 

Of great power, Hurlingham weight, &c. AVhitworth’s Steel Tubes. 
Marvellous pattern. Trial at our private Shooting Grounds. 


HAMMEBLESS GUNS. 



FURTHER IMPROVEMENTS AND LATEST SYSTEMS. 

T<9 lever aide locks, with safety block interposing, dislodged by 
the triggers in firing. Perfect safety. 


SECOND-HAND CENTRAL- FIRES, 

Best London makers, at low prices. Several pairs of fine Guns. 

excellent plain central-fires ft HAMMERLESS GUNS, 

TEN TO FIFTEEN GUINEAS. 

Low price Keepers* Guns, 5 to 10 guineas. 

Wildfowl Guns, single and double, 4, 6, and 8-bore, full choke. Splendid lot of 
Guns ready to select from. 

SE-A.SOJ!Sr 1882 . 

Prizes won by our Special Pigeon Guns at Hurlingham, the Gun Club, the 
International Gun and Polo Club, &c. 

Extract from “ Holt's Shooting Calendar," Srat., 1882 : *• Messrs. E. M, Reilly and Co. scored 
ninety wins; amount of money won, i;r>l48. Seventeen cups, value of jC-WD, including the 
following: Paris Cup, value £76, and £m} in money: Belgian Cup, value £7/}, and £200 in 
money; Club Fund Cup, and the Thursday Cup, and Gold and Silver Medal." 

E. M. REILLY AND CO.. 

277, OXFOSD STSEET.W.; 16, HEW OZFOKD 8TBSET; 

And BTIE SCBIBE, PABIS. 


669 


SAFETY BOLT. 

SHEWING MOVEME 

Fitted with the “ Automatic ** Safety Bolt, which effectiM-lly Locks BOTH 
TUMBLESS AND TBIGGEBS, and they are released only in the act of fir in g 
— immediately the gun is taken from the shoulder either or both barrel8*are 
automatically at safety. 

This Safety Bolt is quite distinct from anything introduced before, and can 
be applied to every system of hammerless gun or rifle in use. 

On account of the simplicity of these weapons they are moderate in price, 
and suitable for Foreign use. 

S. W. SILVER & CO.’S PATENT 

“ TRANSVAAL ” RIFLE AND GUN. 


lMJ 


Forming a complete Battery, and combining in one weapon with interchange- 
able Barrels, the means of using different kinds of Ammunition according to the 
variety of Game to be met with. The arrangement of the Battery depends upon 
the requirements of the Sportsman. Each Battery is packed with all the neces- 
sary Moulds and Fittings for each Barrel, in a compact case. — See Testimonials. 

ILLUSTBATEB CATALOGUE, with Ihll particulars of above, and of every 
ARTICLE of EaUIFMENT for SPOBTSMEN, COLONISTS, SETTLERS, 
EXPLORERS, and TRAVELLERS, on application to 

S. W. SILVER & CO , 67, Cornhill, London 
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W. R. LEE SON’S 

PATENT 


TOP SCREW GRIP ACTION. 



The Editor of the Field/’ in hie review^of the Gun, remarks : 

“ During the last few weeks we have received for notice in ‘ The Modem Sportsman's Gun ’ 
several novelties which there has not hitherto been time or space to notice in the ‘ Field.* For 
the benefit, therefore, of those who do not see the book, we insert descrintions of them in our 
columns, commencing with the above Gun, which was brought to our notice by Mr. Leeson, of 
Ashford, in the shape of a beautifully designed and finished pigeon gun, built for a well-known 
performer at the traps. In this gun the chief novelty is the bolting of the top connection, 
which is usually carried out either by a snap-bolt, as in the Westley-Bichards gun, or by a 
cross-bolt, as in the Greener treble-grip. In neither of these, however, is there any grip or 
draw, in which resides the great power of the * double grip,’ so well known to all modem shots; 
but in the new top grip, as introduced into Mr. Lceson’s gun, an absolute grip is effected, either 
with or without a doll’s head to assist it On a careful inspection it will be seen that this 
action is full of merit, being exceedingly strong, working in all its parts very smoothly, and 
cocking the tumblers with remarkable ease. This last point is effected, partly by a careful 
adaptation of the levers, and partly by reducing the strength of the mainspring, and at the 
same time le gthening the throw of the tumbler, by which the breaking of the cap is insured; 
while, at the same time, the force required to open and cock the gun is greatly reduced. In our 
opinion, this action is by far the more pleasant to handle than any barrel cocker wo have yet 
seen, and we have proved by experiment that the cap is well broken by the reduced spring. 
The strikers are separate from the tumblers, in which respect they differ from the ordinaiy 
Anson and Deeley gun, being let in from the front and provided with shoulders, which 
intercept the gas escape to a very great extent. ’The barrels are of Siemon’s steel. We 
congratulate Mr. Leeson on both the principle and workmanship of the gun exhibited to us.*' 

It will be seen from the above excellent anthority that this action is the 
strongest made, and therefore especially suitable for Bifles when large charges 
are used, and is equally adaptable for guns and rifles with or without hammers. 

EXPRESS DOUBLE BIFLES, with this action, from E26. 
HAMMERLESS EJECTOR ROOK aj&d RABBIT VON- 
rOtrUHO BXFX.ES, of either '220, '300, or *360 bore, Jt» 8b. 

Ditto, with Hammers, from E4 ISa. 

BPECXAL— -300 bore KAMXCBB XUK>XC XUFLE, the same pattern 
as anppUed to The Dnke of Edinburgh, ElO XOi. 

drawing and prices on 'ap plication. 

ASHFORD, KENT. 
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WATSON BEOTHEES, 

GUN AND RIFLE MANUFACTURERS. 


TEE FEBFECnOH OF NON-FODLma BIFLE8. 

SpooinLon of the lAootiiigr of our reduced bore Sook and Habbit TF-ifle* ! 
True site diagrams of the first and last of fifty shots mthont onoe 'wiping 


out. 

First 

Fifteen 

Consecative 

Shots, 

13 would 
have hit 
a Sixpence. 


IJin. X Jin. 




Jin. X Igin. 



MANUFACTURERS OP LARGE AND SMALL BORE RIFLES 


For every kind of Game Shooting, of the highest attainable accuracy 
and moderate cost. Price List post free. 

SOLE MANUFACTUBERS OF THE 


CARLTON PATENT HAMMERLESS. 


Ease 


With 

and a| 


absolute 

Simplidly 

XI 

Safely. 


The distinctive features of^these Guns are the cocking arrangement and the 
manufacture of the barrels. 

One part of the cocking is done in opening, and the remainder in closing, 
thereby rendering both, the opening and closing movements easy and almost 
imperceptible. — 

The barrels are made 'on an entirely new plan, patent concentric steely which 
gives enormous strength and the best shooting that has hitherto been obtained, 
and will shoot both metal and paper cartridge cases. 

DESCEIPTIVE PEOSPEOTUS POST FEEE. 


4, PALL MALL, LONDON, S.W. 

p p 2 
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APPOINTMENT TO 
ROYAL HIGHNESSES THE 
DUKE OF EDINBURGH. 
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BY SPECIAL 
THEIR 

PRINCE OF WALES AND 

ALEXANDER HENBT, 
GUN AND RIFLE MANUFACTURER, 
12, South Saint Andrew-stroet, Edinburgh, 

AND 

118, FaU Hall, London, S.W, 

Specialities in "Express” and large-bore Sporting 
Rifles, with Hammerless or other Actions. 

Hammerless or low Hammer Guns, with ail latest 
improvements. Rook and Rabbit Rifles, Punt Guns, 
Whale Guns, &o, 

ILLXTSTBATED FEICB LISTS FEES BT POST. 



QEOBGE QIBBS, 

29 , OOK/lsT STK/EET, BK/ISTOL, 

PBOPBIETOR AND SOLE MANTJPAOTUBEB OP THE CELEBRATED 

FARQUHARSON-METFORD RIFLES, 

FOE SFOEime ADD TAEOEI POEFOSES. 



INVENTOR AND PATENTEE OP THE 

and P/’ HAMMERLESS OTTN, 

MORE THAN 3000 OF WHICH HAVE BEEN MADE DUEING THE 
LAST FOUE TEARS. 


PRICE LIST ON APPLICATION. 
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COLT’S REVOLVERS. 

COLT’S NEW DOUBLE-ACTION 



GOVERNMENT ARMY REVOLVER, 

As Supplied to Department, takes 

the Service Ammunition 


COLT^S SINGLE -ACTION AEMY PISTOL, as adopted by the United 
States GoYemment, '450 cal. ; a most powerful accurate shooting pistol, without 
unpleasant recoil. 

COLT’S FBONTIEB PISTOL, *440 cal., tahes the Colt and Winchester 
Magazine Bifle Cartridge. This pistol is almost exclusively used in the Western 
States and Territories of North i^erica. By means of an Attachable Carbine 
Stock the above two pistols can be quickly converted into an efficient carbine. 

COLT’S BEYOLVEBS and DEBINGEBS, for House Protection and 
Travellers. 

COLT’S New 12-Bore SHOT GUNS, especially suitable for India and the 
Colonies, for wildfowl and large game, to fire either shot or bidl ; take also the 
long solid brass cartridges with movable anvil. Each Gun ca^uUy tested 
and performance guaranteed. 

COLT’S New MAGAZINE CABBINES and BIFLES now ready. They are 
an improvement on existing patterns, and take the same cartridge as the Colt’s 
Frontier pistol. 


PRICE EIST FREE. 

COLT’S FIREARMS COMPANY. 

14, PALL-MALL, LONDON, S.W. 


574 ADVEBTISEMBNTS. 

THE VEST BEST BEEECE ACTION FOB ALL SPOBTIHG BIFLES 18 

W. W. GREENER’S 

Z'XtXIEXiX: "W E X) O-E -E A S T. 

THIS ACTION IS PBACTIOALLY INDESTBUOTIBLE. 

Mb. G. P. Sandebbon, Snpeilnteiident of GoTemment Elephftnt Eedda}iB, Dacca, had used 
two of W. W. Greener's Treble Wodge-Fast Breechloading Bifles since 1874, and in 1883 he 
stated “ that the 8-bore, with 12 drams and 2-oiince bullet, and the 4-bore, with 10 drams and 
4-oance bullet, had each been fired several hundreds of times, that they had never required 
anyremd^ were sound, and the breech actions as close as when they left ^e factory.” 

w. w. Greener's Bifles are unequalled for accuracy, and are built at most moderate prices. 
Shot Guns, of least weight and strongest shooting, from 10 guineas. Bevolvers of very best 
English manufacture and widely approved models, giving Arm grip and rdiable shooting. 

S’TJXjXi IjIST IFiaSIEJ. 



THE OITN AND ITS DEVELOPMENT. 

WITH NOTES ON SHOOTING. 

Second Edition. Fully Bevised, 740 pp., 550 IllustrationB. 

This is the standard work on Guns and Bifles, and all pertaining thereto. 
The Press unanimous in its approval. 

PBIOE lOx. C)d., OF ALL BOOKSSLLEBS, OB THE AUTHOB, 

W. W. GREENER, 

GUN, RIFLE, AND CARTRIDGE MAKER, 

ST. MABY’S WOEKS, BIEMINGHAM ; 

68, HAYMARKET, LONDON, S.W. 


In a few Days. Demy 8w. Price 2s, Qd. 

RABBITS 

FOR PROFIT AND RABBITS FOR POWDER. 


-A. 

UPON 

THE NEW INDtJSTRT OF HUTCH BABBIT FARMING IN 
THE OPEN. AND UPON WARRENS SPECIALLY 
INTENDED FOR SPORTING PURPOSES; 

WITH 

HDTTS AS TO THEIR CONSTRUCTION, COST, AND MAINTENANCB. 


By R. LLOYD-PRICE. 


London : HORACE OOX, “Field” Office, 346 , Strand. 



ADVEBTISEMENTS. 


676 


HLEJIT’S 

BIIEECHL0ADIN6 CARTRIDGES. 


Carefully Loaded with. Best Black Gunpowder, 
eind Schultze’s Patent Gunpowder, which are 
well tested before using. 


AMMUNITION 

FOR 

SPOBTINa, EXPRESS, and MIIiITARY 

biei.es oe all XINBS, 

AND ALSO FOB 

EVERT DESCRIPTION of REVOLVER, 

TO BE HAD OF ALL GUNMAKERS. 


ELET BEOTHEBS 


LONSOB, B] 


LIMITED, 


NGHAN, 


AND LIEaE. 


WHOLESALE ONLY. 
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ADVEBTISEMENTS. 


JOYCE’S AMMUNITION. 


TO BE HAD OP ALL CUNMAKERS. 


SPORTING CARTRIDGES. 

Central and Pin-fire, in all Qualities and Sizes. 

Carefully loaded with the best Powder and Shot, also with Schultzo Patent 
and E.C. Sporting Powders, in Cartridge Cases specially manufactured for 
their use. 

E»EI^ 0 TJSSZ 02 sr 0 -A.Z»S. 

Introduced in 1820. Certain of ignition in all climates. 

GUN WADDING. 

Best Elastic Felt, Hair Felt, and Brown Felt of uniform thickness ; also Cloth 

and Card Wads. 


F. JOYCE & CO., 

SOLE MAHTTEACrVEEBS OF BAILET’S PATEET OAS-TIOET CAETBIDGE, 
67, TTPFEB THAMB8 STREET, LORDOV. 
WHOLESALE ONLY. 



TRADE ©jiiyyiS) SW MARK. 



THE NEWCASTLE CHILLED SHOT CO., LIMITED. 

THE OHLY E0LDEB8 OF ENGLISH PATENTS FOB THE HANUFACTUBE OF SHOT, 


lars'wc.A.STiiEJ ch:ii,x,E3x> shot 

i. PUBPOCTUIE all PARTS OP THE WORLD. 


nmtire, ue fiame being called 


^ j.tuu V* TV udfowl and Buck Bhot, and the larger 
««ure. yae HBine oeing called ShSt. * hitherto nneQualled for the tenacity of “u 

^ Attention of the Public in called to 

Addreij OATESHBAD-ON-TYNE (Wholwal* Oklv). 




ADTEBTISEMENTS. 


577 


SILVER MEDAL COLD MEDAL COLD MEDAL 



Ammunition 

Hanufsicturers 

to 


By Appointment 



His Spanish 
Majesty 

King Alfonso ZIL 


MANUFACTUBEBS OF 

SPORTING CARTRIDGES 

IN ALL BORES: PAPER AND SOLID BRASS. 

Military, Express, Book Rifle, and Bevolver Cartridges of every kind. 

Pnnt Gun Cases, Gnn Waddings, Percussion Caps, Anvils, and Be-loading Tools. 
PATENTEES AND SOLE MANUFACTUBEBS OF THE 
“PERFECT” RELOADING 


(CENTBAX-FIBE AND FIN-FIBE), 

THX CKDAFXIBT AND B1B8T TBT INTBODXTOBl). 



4, 8, 10, 12, 14, 16, 18, 20, 24, 28, *410, -360 GAUGE. 

TlBTlKONlAIiS AND SAMPIiXS ON APPLIGAHOM. PBICE LIST AND Illubthatno Cataloqub 

TO Tbade Only. 
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CHAMBERLIN’S 
PHEASANTS’ POOD: 

AROMATIC SRANISH MEAL. 

CATCAB EXCRLSIOE, 

DOUBLE SUPER MEAT OBEAVES, 

OBTAINED THE 

ONLY AWARD FOR GAME FOOD, 

PARIS INTERNATIONAL EXHIBITION, 1878. 

BRONZE MEDAL AND DIPLOMA, MANNHEIM, 1880. 
SILVER MEDAL CLEVES, 1881. 

T he great and increasing yearly demand for the AROMATIC SPANISH 
MEAL and CATCAR EXCELSIOR is the best proof that the nse of 
these Celebrated Foods (which have now been used by all the Principal 
Bearers of Game for MORE THAN THIRTY YEARS) is not only highly 
beneficial, but absolutely necessary to the successful Rearing of young 
Pheasants and Game. 

Supplies constantly forwarded to the Royal Parks ; H.R.H. the Prince 
of Wales at Sandringham ; and to all the Noblemen and Landed Pro- 
prietors in the United Kingdom, France, Germany, Holland, Belgium, 
Sweden. 

BIT 8BBOI.A.X- 

PURVEYORS TO 

H.R.H. THE PRINCE OF WALES. 

MEAT DOGS’ BISCUITS, 

AS ST7FFDIBD TO 

The ROYAL KENNELS at SANDRINGHAM. 

PRICE 18a. FEB CWT., BAG INCLUDED. 

Special quotations for 15 cwt and. I ton. lots. 

Write for the New Book of Prices, with Treatise on Pheasant Rearing, and 
a lot of information about Game, free by post. 

JAMES CHAMBERLIN & SMITH, 

(lAte JAUXS OHAKBKKLIN.) 

GAME, POULTRY, AND DOG FOOD 
WAREHOUSE, 

POST OFFICE STREET. NORWICH. 
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VEGETABLES IN MEAT DOG BISCUITS. 


SPRATTS PATENT 

MEAT “FIBRINE” VEGETABLE 



(WITH BEETROOT). 

USED IN THE ROYAL KENNELS. 

We found, by frequent experiments with all kinds of vegetables, that Beetroot was the only 
one which retained its properties when made into a Biscuit, and we now present to our Customers 
a Biscuit combining the amount of vegetable matter absolutely necessary for the preservation 
of the dog's health, with the other valuable and nutritious ingredients which have secured a 
world-wide reputation for our Patent “ Flbrine” Oakes. 

Beware of Worthless Imitations! 

Pushed by certain Dealers for the sake of extra profit. 

SEE EACH CAKE IS STAMPED 

“SPRATTS PATENT” and a “X.” 


GREYHOUND FIBRINE DOG CAKES 

(WITH BEETBOOT), 

Contain 35 per cent, of meat, and are manufactured from the best Scotch oatmeal, wheaten 
meal, and other ingredients forming the most successful food for greyhounds in training. 
Used for feeding Royal Mary, Misterton, Wild Mint, Mineral Water, and other Waterloo Cup 
winners. 

PATENT COD LIVER OIL DOG CAKES. 

or all OUT AQENTS, in 71b. and 14Ib. Tina. 

For dainty feeders, delicate dogs, and assisting convalescence. Invaluable for pet dogs, and 
also as a pick-me-up for sporting dogs on return from a hard day's work. 

DOG APPLIANCES OF ALL KINDS. 

Ranges of Kennels and Yards. Kennels of all descriptions. Folding Day and Night Benches. 
Kennel Railings. Brushes, Chamois Leathers and Gloves. Chains, Collars, Couples, and 
Leads. Dog Clothing. Feeding and Drinking Troughs (Enamelled, Galvanised, Ac.) Reversible 
Dog Troughs. Exhibition Travelling Boxes, Hampers and Baskets, all sizes and patterns. 

MEDICINES 

For the Cnre of Distemper, Worms, Mango, Eczema, Ear Canker, Rheumatism, and the 
various other Canine DisoasGs. Full List post free. 

“COMMON SENSE OF DOG DOCTORING,” 

PRICE 6d., OR POST FREE 8d. 

This work contains 120 pages of thoroughly Practical Information with regard to the treatment 
of Canine Diseases and Breeding and Rearing of Dogs. 

DOG SOAP. 

Non-polsonons and free from the objectionable smell, and danger in use, of Carbolic Acid. 


SI*I5/-A.TTS ^»-A.TETsrr, S.EI, 
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MILITARY. 

HUNTING. 

FISHING. 

SHOOTING. 

WALKING. 


HIGH-GLASS BOOTMAKERS. 


Fagg Brothers, 

29, HAYMARKET. 


LADIES' RIDING AND SHOOTING BOOTS. 


LADIES’ 

GLOVE KID, 
GLACE KID, 
BUTTON, AND 
BALMORAL BOOTS. 






ADVEETISBMENTS. 
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“ Eijat ®Helle*ftnotone Sijojjpe for Mattes.” 


EBHBT HEATH 

OnY om ADDRESS. 


106 A 107, OXFORD STREET, (g?^) 


OVER AGAINST NEWMAN STREET. 


LUXURIOUS PANAMA HATS. 



The '‘PLANTER” SHAPE for Country Wear. 
Perfectly Soft Straw. 


Prices 8/6, 10/6, 15/-, 21/-, 30/-, 50/-, Ac. 

With Wide brim, worn up or down, affordii^ 
an efficient protection from the sun. These 
most luxurious hats, for Summer Wear, can 
be sent free by post. 

LADIES' & GENTLEMEN'S 
SOFT 
TWEED 




Shooting, Fishing, Travelling. 

In any Shape 8/6, 10/6. 

To Match Coat or Ladies’ Riding Habit. 

Post Free on Receipt of P.O. 
Order. 


Established in the Reign of King George IV. 


LADIES’ 

■ 

Soft -Pitting 



K 

HATS. 


SILK: 


21/-, 25/-. 


PELT: 
10/6, 12/6, 




16/-, 18/6. 


The EXHIBITION of •• RATIONAL 
DRBSS.”-“ HENRY HEATH, of 107, Oxford- 
street, has a very sensible improvement in the 
shape of a soft banded hat. Everyone knows 
the painful sensation experienced from the 
pressure of the usual stiff felt or silk hat ; this 
g ^g^^objiatedjn. t^. hat manufactiued ] 

1883. 


' HEATH.”— Vide The Queen, May 2 


VENTILATED LIVEBT HATS. 

SPECIAL MANUPAOTURB. 



wat^roof hodies. Oomfort- 
No headaches^. The New Bright 

A A0bA1118 ZtS f^lOSSy OTilllAXlCy ill W0ftT 

fording satisfaction to Master and Wearer* 
Pnees, 10,6, 12/6, 15,'-. Pages’ Hats, 8/6, 10/6. ’ 

Country Residents Should Write for Book 
OP Shapes and 

HBITRY REATK'S 

HEAD-MEASURING BAND 
for taking the form and size of the head. The 
^KD is forwarded Post Free to country Resi- 
dents for Selp-Msasursment,” insuxinj? a 
comfortable fitting hat. ^ 
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SENT SAFE TO ANY PART OF THE WORLD. 

T. JOniTElS’S 

IMFBOVED LEVEB 





COMMENDED BY “THE FIELD.” 


With referenoe to these Watches “ The Field ” of June 5, 1875, says : 

** Our own experience is that, although we have spared neither expense nor trouble, we have 
never until now been able to procure a watch which would stand the saddle. . . . We have 
never found it vary from the true time more than half a minute a week when riding two or 
three times, and not more than a few seconds on those rare occasions when during the seven 
d^s wo have not been in the saddle more than once. . . . WE CAN CONFIDENTLY 
RECOMMEND MR. JONES'S WATCH. 


And again on Jan. 12, 1878 : 

** Among the numberless questions on all sorts of subjects addressed to us by our 
correspondents, we have recently been twice asked the following ; * How is it that my watch 
goes well in London, but is constantly deceiving me in the country ? ' . . . WE ADVISED 
HIM TO OBTAIN ONE OF THE HORSEMAN’S WATCHES MADE BY MR. JONES, OP 
352, Essex-ROAD, on which we reported favourably two years ago; and we speedily heard from 
him that, having taken our advice, his hunting had not interfered with the excellent time kept 
by it, and that he was greatly obliged for our advice.*' 

DPOia -A.XiXj 

No. 1. Slvr. No. 2. Slvr. 18-ct Old. 

Hunter, Demi-Hunter, or Cxystal Glass 6 6 0 ... 8 8 0 ... 18 18 0 

Keyless ditto ditto 10 10 0 ... 15 15 0 ... 25 0 0 

The No. 2 Silver have movements as in Gold. 

BEFEATER AND CHRONOGRAPH WATCHES OF ALL KINDS. 

LADIES'4WATCHES, same make as ** Horseman's " gold, elegant designs, small sizes, 
£15 15s. Kqyless, £21 and JC25. 

Usual Warranties. Pamphlet and Price List (Illustrated), post free. 

IS^azat GOLD ALBERT CHAINS, £4 4s. per oz. 


T. -A.- a"o:N“Es, 

WATCH MANUFACTURER. 

352, ESSEX ROAD, ISLINGTON, LONDON. 
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A 

Catalogue of Books 

RELATING TO 

angltnfl, a 30 atinfl, Crtcftrt, iFarmttts. ffiaitjcnlng, IKunting, 
Siiooting, Ecnnts, ®raJjcl, garfjtins, &:c.. 

USEFUL FOR 


COUNTRY GENTLEMEN, 

TRAVELLERS, ^TC., 

PUBLISHED BY 

HORACE COX, 

“THE FIELD” OFFICE, 346, STRAND, LONDON, W.C. 


Orders for any of the following works, with postage stamps 
or post-office order {^payable at the Somerset House Branch Money 
Order Office) for the amount, should he sent to HORACE Cox, 
Publisher, at the above address, or they may he obtained by order 
of any bookseller • 




:mMw 


PREFACE, 


J BEG to call the attention of Country Gentlemen, 
Travellers, Sportsmen, Farmers, &c., to the works 
quoted in this catalogue, as written by authors who are 
well known and .trusted as authorities in their respective 
branches of knowledge. These books are well illus- 
trated by competent artists, and I think I may say 
that everything has been done that could be to make 
them complete. 

HORACE COX, 

Publisher. 




Catalogue of Books 


PUBLISHED BY 


Horace Cox. 


SECOND EDITION, GREATLY ENLARGED. 

Royal 4I0., bevelled boards ^ gilt edges, price 15.?. 

PHEASANTS: 

NATURAL HISTORY ANdIrACTICAL MANAGEMENT. 


W. B. TEGETMEIER, F.Z.S., 

{Member ef the British Ornithologists' Union.) 

Author of '*The Natural History or the Cranes/* &c., &c. 

Illustrated with numerous full-page engravings drawn from Life by 
T. W. WOOD. 


CONTENTS. 

The Natural History of the Pheasants : Habits, Food, Structure, &c. — Management 
in Preserves : Formation of Coverts, Feeding, Rearing and Protection. — Management 
in Pens and Aviaries: Laying and Hatching, Rearing the Young Birds. Diseases, 
Mode of Transport, &c. — Pheasants adapted for the Covert : The Common, Chinese, 
Japanese, and Reeves’s Pheasants. — Pheasants adapted for the Aviary : The Golden, 
Amherst, Silver, Eared, Impeyan, and Argus Pheasants, &c. 

Notices of the Second Edition, 

From Yarrell’s “ British Birds,’’ fourth edition. — For further details, as well as 
for instructions as to the management of pheasants, both in the covert and the 
aviary, and the disorders to which they are liable, the reader is referred to Mr 
Tegetmeier's excellent work, to which the editor is under great obligations.” 

From the Pall Mall Gazette . — “ This new and sumptuous edition contains so large 
an amount of fresh matter that it may be regarded, practically, as another work. In 
its own way, it is quite exhaustive. Illustrated by admirable and life-like full-page 
illustrations. On the technical details of rearing and preservation, Mr. Tegetmeier 
will be found a thoroughly trustworthy and scientific guide.” 

From the Daily Telegraph . — Both in its description and practical aspects, the 
treatise is admirable.” 
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4 A CATALOGUE OF BOOKS 

ILLUSTRATED WITH NUMEROUS DRAWINGS OF CELEBRATED YACHTS, 

In Imperial folio, price £3 3^. 

Yacht Designing: 

A TREATISE 

ON THE 

PEACnCAl APPLICATION OP THE SCIENTIPIC PRINCIPLES 

UPON WHICH IS BASED 

THE ART OP DESIGNINfl YACHTS. 

By DIXON KEMP, A.I.N.A., 

Author of “A Manual of Yacht and Boat Sailing.” 

'J'HIS WORK has been compiled to give information upon the 
practical application of the scientific principles upon which the 
art of Yacht Designing is based. A complete system of construc- 
tion is provided for the guidance of the inexperienced, together 
with all necessary information relative to the primary subjects of 
buoyancy, stability, resistance, and speed. 


CONTENTS. 

Chap. 

I. — Explanation of Principles. 

II. — Description of Various Rules and Formulae of Use in Determining the 
Qualities of a Yacht. 

III. — Application of the Foregoing Rules. 

IV. — Stability. 

V. — ^The Effect of Shifting and Removing Weights on Stability ; the Longitudinal 

Meta>centre ; Alteration of Trim ; Pitching and Scending, and Rolling. 

VI. — Power to Carry Sail ; the Impulse of the Wind as a Propelling Power ; Table 
of Velocity and Pressure of Winds. 

VII. — Resistance to Vessels moving in Water; Stream Lines ; the Wave-line Theory; 

Relative Lengths of Forebody and Afterbody for Speed in Knots per Hour. 

VIII. — Surface Friction ; Calculation of the Immersed Surface ; the Immersed Surface 
in Relation to Lateral Resistance. 

IX. — ^Valu^ of the Wave-line Theory ; the Forebody ; the Afterbody ; Form, Area, 

and Position of the Midship lection. 

X. — Nystrom’s System of Parabolic Construction. 

XI. — Calculation of Probable Speed. 

XII. — Construction Drawing. 

XIII. — Laying OflF ; Taking Off. 

XIV. — Ballast and Spars. 

XV. — Resistance Experiments with Models. 

Appendix. 
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PUBLISHED BY HORACE COX. 


FOURTH EDITION. 

Super-royal %vo., with Seventy-Jive full-page Diagrams, price 2^s. 

A Manual 

OF 

Yacht and Boat Sailing. 

By DIXON KEMP, 

Associate Institute Naval Architects (Memher of the Council). 


Author of “Yacht Designing.’ 


(The Lords Commissioners of the Admiralty have ordered this work to he supplied to 
the Libraries of the ships of the Royal Navy.) 


Chap. 

I. — Selecting a Yacht. 

II. — Examination of the Yacht before 

Purchasing. 

III, — Building a Yacht. 

IV. — ^The Equipment of the Yacht, in- 

cluding complete information 
as to Spars, Rigging, &c. 

V. — Seamanship. 

This chapter contains complete mformation as to 


CONTENTS. 

1 Chap. 


Running before the Wind, Tacking, oybing, i.>ying 
To, Anchoring, Getting under Way, &c. It also 
gives complete information as to the Management 
and Sailing of Open Boats. 

VI. — ^The General Management of a 
Yacht, including Duty and Dis- 
cipline of the Crew. 

VII. — ^Yacht Racing. 

Containing full information as to the expenses of 
Yacht Racing, and an Exposition of Yacht Racing 
Rules. 

VIII. — Centre-board Boats. 

This chapter includes designs for Centre-board 
Boats for Rowing and Sailing, and the best vaneties 
of Sails, with working drawings. 

iX. — Sails for Centre-board Boats. 

This chapter discusses the merits of the various 
lug sails and spritsails used, including the Balance 
Lug. Chinese Lug, Gunter Sprit Rig, Falmouth 
Luggere, Lowestoft Lateen Sail, Algoa Bay Lateen 

X. — Brighton Beach Boats. 

XI. — Centre-board Sloops — The Alert. 

XII.— The Pollywog. 


XIII. — Lough Erne Yachts — The 

Witch. 

XIV. — Una Boats. 

XV. — The American Centre-board 
Sloop Parole. 

XVI. — The Sharpie and Sneak Boat. 

XVII. — Mersey Sailing Boats. 

XVIII. — Lake Windermere Yachts. 

XIX. — Yachts of the Norfolk Broads. 

XX. — Itchen Boats — Itchen Sailing 

Punts — The Buccaneer. 

XXI. — Clyde Sailing Boats. 

XXI I . — Kingstown Boats. 

XXIII. — Small Racing Yachts. 

XXIV. — Types of Sailing Vessels : 

Penzance Lugger, Coble, 
Galway Hooker and Pook- 
haun, Belfast, &c.. Yawls, 
Norwegian Pilot Boats, 
Block Island Boats, Ber. 
mudian Boats, Ballenera, &c. 
XXVI.— Double Boats. 

XXVII.— Steam Yachting. 

XXVIII.— Ice Yachting. 

XXIX. — Canoeing. 

XXX. — Amateur Canoe Building (in 

America). 

Appendix — Contains complete instruc- 
tions as to Practical Boat Building. 

This section is arranged alphabetically in the form 
of a dictionary, and embodies a variety of informa- 
tion connected with Yachts, Boats, &c. 


Pull instruction is given as to the Building and Management of every 
Boat described. • 
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A CATALOGUE OF BOOKS 


ILLUSTRATED WITH FULL-PAGE ENGRAVINGS DRAWN PRINCIPALLY FROM 
LIFE BY HARRISON WEIR. 

In Imperial ^o., bevelled boards, gilt edges, price i8j. 


CATTLE OF GEEAT BRITAIN: 

BEING 

A SERIES OF ARTICLES 

ON THE 

VARIOUS BREEDS OP CATTLE OF THE UNITED KINGDOM, 
THEIR HISTORY, MANAGEMENT, &e. 

Edited by J. COLEMAN, 

Editor of tbe Fann Department of *' The Field/* and formerly Professor of Asriculturo at the Royal 
Agricultural College* Cirencester. 


CONTENTS. 


The Geieral Mahageheit of Gahle. 

Chap. 

I . — Introductoiy. 

11. — Bleeding and General Manage- 
ment. 

HI. — Principles of Feeding— Nature 
and Value of Different Kinds 
of Food, 

IV. — Buildings, and the Manufacture 

of Manure. 

V. — Daily Management, the Milk 

Trade, &c. 


The Various Breeds of Gattle. 

„ ENGLISH GROin>. 

Chap. 

VI.— Shorthorns. By John Thornton. 

VII. — Herefords. By Thomas Duck- 
ham. 

VIII.— Devons. By Capt. Tanner 

Davey. 

IX.— The Longhorns. By Gilbert 
Murray and the Editor. 

X.— Sussex Cattle. By A. Heasman. 
XL— Norfolk and Suffolk Red Polled 
Cattle. By Thomas Fulcher. 


SCOTCH GROUP. 

Chap. 

XII.— Polled Galloway Cattle. By 

Gilbert Murray. 

„ Polled Angus or Aberdeenshire 
Cattle. By“Scotus.” 

XIII. — ^The Ayrshire Breed of Cattle. 

By Gilbert Murray. 

XIV. — West Highland Cattle. By 

John Robertson. 

WELSH AND IRISH GROUP. 

Chap* 

XV.— The Glamorgan Breed of Cattle. 
By Morgan Evans. 

XVI. — Pembrokeshire or Castlemartin 
Cattle. By Morgan Evans. 
XVII, — ^The Anglesea Cattle. By Mor- 
gan Evans. 

XVIII. — ^The Kerry Breed of Cattle. By 
R. O. Pringle. 

_ CHANNEL ISLANDS GROUP. 

Chap. 

XIX. — ^The Alderney Breed of Cattle. 

By “ An Amateur Breeder.” 

XX. — ^The Breton Breed of Cattle. 

By J. C. W. Douglas and 
Others. 

XXL — ^The Guernsey Breed of Cattle. 
By “ A Native.” 
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PUBLISHED BY HORACE COX. 


ILLUSTRATED WITH FULL-PAGE ENGRAVINGS DRAWN PRINGIPALLY FROM 
LIFE BY HARRISON WEIR. 

In Imperial ^o., bevelled boards, gilt edges, price i8j. 

THE 

SHEEP AND PIGS OF GREAT BRITAIN ; 


A SERIES OF ARTICLES 


ON THE VARIOUS 


BREEDS OP SHEEP AND PIGS OF THE UNITED KINGDOM, 
THEIR HISTORY, MANAGEMENT, fee. 

Edited by J. COLEMAN, 

Editor of the Farm Department of "The Field,” and formerly Professor of Agriculture at the Rofal 
Agricultural College, Cirencester. 


CONTENTS. 


; Geneml NIanagemeiit of Sheep. 

—Introductory. 

—Management of Ewes up to 
Lambing. 

—Preparations for and Attention 
during Lambing. 

—Management from Birth to 
Weaning. 

-From Weaning to Market. 

—On Wool. 

The Breeds of Sheep. 

-Leicester Sheep. By the Editor. 
-Border Leicesters. By John 
Usher. 

— Cotswold Sheep. By the Editor. 
— Long-Wooled Lincoln Sheep. 
—The Devon Long- Wools. By 
Joseph Darby. 

-Romney Marsh Sheep. By the 
Editor. 

-Southdown Sheep. By the Editor. 
—The Hampshire, or West Country 
Down Sheep. By E. P. Squarey. 
-Shropshire Sheep. By the Editor. 
-Oxfordshire Down Sheep. ' By 
Messrs. Druce and C. Hobbs. 


Chap. 

XL — ^The Roscommon Sheep. By 
R. O. Pringle. 

XII. — Negrette Merino Sheep. 

XIII. — Exmoor Sheep. 

XIV. — ^The Blackfaced or Scotch 

Mountain Sheep. 

XV. — Cheviot Sheep. By John Usher. 

XVI. — Dorset Horned Sheep. By 
John Darby. 

XVII. — ^Welsh Mountain Sheep. By 
Morgan Evans. 

XVIII. — ^The Radnor Sheep. By Morgan 
Evans. 

XIX. — Herdwick Sheep. By. H. A, 
Spedding, 

XX. — Sheep Farming in Queensland. 
By John Sidney. 


ri. :JPXC3r&, 

Chap. 

I. — General Management of Pigs. 

II. — The Berkshire Pig. By the Editor. 

III. — Black Suffolk Pigs. 

IV. — Large White Pigs. By the Editor. 

V. — Small White Pigs. By the Editor. 

VI. — Middle-bred White Pigs. By the 
Editor. 

VII. — ^The Black Dorset Pig. By A. 
Benjaiield. 
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> 8 A CATALOGUE OF BOOKS 

I 

FOURTH EDITION NOW READY. 

Re-written, with additions and new full-page engravings. In one 
volume, bevelled hoards, gilt edges, price 15^. 
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A SERIES OF ARTICLES 

ON 

THE POINTS OF THEIR VARIOUS BREEDS, 

AND 

THE TREATMENT OF THE DISEASES TO WHICH 
THEY ARE SUBJECT. 

REPRINTED FROM “THE FIELD" NEWSPAPER. 

By J. H. WALSH, 

“ Stonehenge,” Editor of " The Field." 

(WITH THE AID OF SEVERAL EXPERIENCED BREEDERS.) 


CONTENTS. 

(3-E3SrEia.A.i, JvjFATa-At^s-vr-FTKrT’ 

Book ^ Book 

I. — Management of Dogs in Health. Ill, — The Ordinary Diseases of the Dog 

II. — Drugs Commonly Used for the and their Treatment. 

Diseases of Dogs, and their Modes IV. — Judging at Dog Shows and Field 
of Administration. Trials. 


DOO-S 

Book ^ I Book 

I. — Dogs Used mth the (Jun. | 11. — Hounds and their Allies. 


j>ro3sr-si>oiBTi2sra- idogks. 


Book 

I. — Watch Dogs. 

II. — Sheep and Cattle Dogs. 


III. — ^Terriers (other than Fox and Toy). 

IV. — ^Toy Dogs. 


“THE FIELD” OFFICE, 346 , STRAND, W.C. 


PUBLISHED BY HORACE COX. 


THIS WOEK CONTAINS ABOYB 700 PAGES. AND NEAELT 
400 ULUSTEATIONS. 

New and cheaper Edition, with additions, price 30 s., by post 
3 IJ. 4</., cloth gilt. 

Shifts and Expedients 

OF 

Camp Life, Travel, and Exploration. 


W. B. LORD and T. BAINES. 

{Royal Artillery,) {F,R,G,S,) 


GOisTru^isTm 

I Chap. 


Introduction. 

Chap. 

I.— -Outfit to take abroad. 

II. — Boats, Rafts, and Makeshift Floats. 

III. — ^Working in Metal. 

IV. — Huts and Houses. 

V. — Extempore Bridges and Make- 

shifts for Crossing Rivers and 
Ravines. 

VI. — ^Timber and its Utilisation. 

VII. — Sledges and Sledge Travelling. 

VIII. — Boots, Shoes, and Sandals. 

IX. — ^Waggons and other Wheeled 

Vehicles. 

X. — Harness and Pack Animals. 

XI. — Camels. 

XII.— Cattle Marking. 

XIII. — Water, and the Sap of Plants. 

XIV. — Camp Cookery. 


-Fish and Amphibious Animals. 

-Poisoned Weapons, Arrows, 
Spears, &c. 

-Tracking, Hunting, and Trap- 
ping. 

-Palanquins, Stretchers, Ambu- 
lances, &c. 

-On Sketching and Painting 
under the Ordinary Difficulties 
of Travel. 

-The Estimation of Distances 
and Hints on Field Observing. 

-Hints to Explorers on Collect- 
ing and Preserving Objects of 
Natural History. 

-Ropes and Twines. 

-Bush Veterinary Surgery and 
Medicine. 


Extract from the Introduction. 

Like two voyagers returned from a long cruise in far-off seas, we throw together 
our joint gleanings in many lands. These do not consist of jewels, gems, gold, or 
furs; no piles of costly merchandise do we lay at the reader’s feet as offerings from 
distant climes, but simply the experiences of two roving Englishmen who have 
roughed it.” By those who have to pass through a campaign, travel wild countries, 
or explore little known regions, shifts must be made, and expedients of many kinds 
had recourse to, of which the inexperienced in such matters would but little dream. 
.... In our travels and adventures we have not been associated, the paths trodden 
by us being widely separated. Whilst one was exploring the wilds of North Australia, 
the other was dwelling in a canvas-covered hole in the earth before Sebastopol. The 
scenes change ; Southern and Tropical Africa is visited by the late Australian traveller, 
whilst the Crimea, with its rugged hills and wild ravines, is exchanged for the jungles 
of Central India by the other. 
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Demy Svo.^ pp, 480, price 15J., by post i6j., VOLUME L of 

THE 

MODERN SPORTSMAN’S 
GUN AND RIFLE, 

INCLUDING 

GAME AND WILDFOWL GUNS, SPORTING AND 
MATCH RIFLES, AND REVOLVERS. 

lasr T-WO VOIiXTILCEJS. 

Vol. I.— GAME AND WILDFOWL GUNS. 
By J. H. Walsh, 

“ Stonehenge,” Editor of “ The Field,” 

Author of Dogs of the British Islands, ” The Greyhound^ ** British Rural 

Sports,^' &c. 


“A perusal of Mr. Walsh’s book has forced upon us the conclusion, one that will 
be shared by nearly every reader, that it is indisputably the standard work on the 
subject, and is likely long to remain so — a position it richly merits. Sportsmen will 
anxiously look forward to the second volume of the work, for there is every reason to 
anticipate that the same high standard will be maintained, and that the rifle will 
receive as complete an exposition as the ‘ Game and Wildfowl Guns.’ We are only 
fulfilling a duty to the public when we say that no man connected in any way with 
guns and gunnery should be without a copy of Mr. Walsh's masterly volume .” — The 
Birmingham Daily Gazette, Nov. 21, 1882. 

“ It will be seen that the work contains a variety of hints which may be useful to 
intending purchasers of guns, so that we can confidently recommend an intelligent 
glance thorough it as likely to save money and prevent disappointment .” — Saturday 
Review. 

** Taking the work as a whole, the sportsman will find in it much information on 
guns, shot, and kindred topics .” — Pall Mall Gazette. 

“The most complete work that has yet been written on sporting guns,” — St. 
Jameses Gazette. 

“ For breadth of view and completeness this treatise could hardly be excelled. It 
has, moreover, the advantage of reporting authoritatively on the very latest improve- 
ments, both as regards weapons and powder and shot, all which objects of a sports- 
man’s consideration seem to be susceptible of indefinite progress .” — Daily News. 

“ With such a guide as this, all who appreciate sport will be able to enjoy it fully 
and what is of importance, will be able to avoid much of the danger attending the use 
of imperfect weapons .” — The Era. 

I ^ 
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Now ready, Demy 8w., pp. 500, with 200 niustraiions, price 151., 
by post 16s., Volume II. 0/ 

THE 

modern SPORTSMAN’S 
GUN AND RIFLE, 

INCLUDING 

GAME AND WILDFOWL GUNS, SPORTING AND 
MATCH RIFLES, AND REVOLVERS. 

Vol. II.— THE RIFLE AND REVOLVER. 

By J. H. Walsh, 

“ Stonehenge,” Editor of “ The Field,” 

Author of ” Dogs of the British Islands f The Greyhound British Rural 

Sports &c^ 

CONTENTS. 

Definitions, &c, — Theory of Projectiles — The Mechanical Construction 
of the Sporting Rifle and its Ammunition-r-Modem Rifled Pistols— The 
Match or Target Rifle and its Ammunition. 

Demy ^o.^ with 12 full-page illustrations ^ some of which contain Portraits of 
Sporting Celebrities^ and 24 vignettes, price £i is., by post £i 25. 


PEN AND PENCIL. 


FRANCIS FRANCIS and A. W. COOPER. 

CONTENTS. 

The First of September. Rabbit Shooting. 

A Day in a Punt. Roaching. 

Mark Cock ! Grouse Shooting. 

Trouting. Salmon Fishing. 

Long Tails and Short Ones. Snipe Shooting. 

Paying the Pike. Grayling Fishing. 
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A PRESENTATION VOLUME FOR CLUBS. 

4^0,, bevelled boards, gilt edges (500 pages), with appropriate 
illustrations, price One Guinea^ by post 2 s. ^d. 

THE 

English Game of Cricket : 


COMPRISING A DIGEST OF ITS 


ORIGIN, CHARACTER, HISTORY, AND PROGRESS, 


TOGETHER WITH 


AN EXPOSITION OF ITS LAWS AND LANGUAGE. 


CHARLES BOX, 

Attthor of " The Cricketers' Manual,” " Reminiscences of Celebrated Players,” Essays on the Gam& 
” &ng8 and Poems,” ” Theory and Practice of Crick^” See. 


% 

TO > Introdactoiy. 

OUNCES AT THE PAST AND PRESENT STATE 
OF COUNTY CRICKET. 

VII. — Middlesex. 

Vlll.—Public School Matches. 

IX.-.Kent. 

X. — Hampshire. 

XI. — Surrey. 

XII. — Sussex. 

XIII. — Nottinghamshire. 

XIV. -Yorkshire. 


CONTENTS. 


Chap. 

XV, — ^Warwickshire and Derbyshire. 

XVI. — Gloucestershire. 

XVII. — Lancashire and Leicestershire. 
XVIII. — ^The Eastern Counties. 

^x' } Matches. 

XXI. — School and Village Matches. 
XXII. — Curiosities of Cricket. 

XXIII. — Cricket Grounds. 

XXIV. — Laws of the Game. 

XXV. — Poems, Songs, and Ballads. 

XXVI. — Glossary of Words and Phrases. 
Postscript. — Shakespeare and Cricket 
— An Enforced Dissertation. 


OPINIONS OF THE PRESS. 

“ The most complete and interesting work on cricket ever published. No expense 
has been spared in making that which is really useful a very handsome volume.”— 
Bells Life. 

” We welcome with heartiness a writer like Mr. Charles Box, who has so pleasantly 
yited in the splendid volume before us the old order (of cricket) with the new.”— 
sporting and Dramatic News. 

“ '*^°*^*^ prove interesting to all lovers of cricket.’^--rtw«. 

The volume is a very handsome one indeed, destined, doubtless, to become an 
“fi ^ essentially ‘ English Game of Cricket.’ "—Jlfornmg Post. 

0“ encket that has yet come under our notice.**— Nottingham 

“ A handsome and well got-up volume, the author being the man of all others 
qualified and in a position for compiling such a work.”— Herald. 
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PUBLISHED BY HORACE COX. 


Crown 4^o,t printed on toned paper ^ price 255.1 hy post 26s, 

THE 

ANNALS OF TENNIS. 

BY 

CrTTLI-A-ISr 

This work will be found very eompbte, and, it is thought^ justly entitled to take its 
place as the standard work on Tennis. It has cost its author much laborious research ; 
and, independently of its great value to tennis players and all lovers of the game, it is 
trusted, from the vast amount of curious lore it contains, the volume will be found not 
unworthy of a place on the shelves of the scholar^ The author, himself a well-known 
amateur, is fully competent to speak with authority on the game, having had the 
opportunity of studying the play of the best Continental, in addition to that of the 
best English, masters, and, therefore, may be taken as a safe guide by learners. 


CONTENTS. 


I. — ^Tennis Abroad. 

II. — Tennis in England. 

III. — ^The Court and Imple- 
ments. 


IV. — ^The Laws 

History. 

V. — ^The Game. 
VI. — Appendix. 


and their 


Second Edition. Lar^re post 8vo., price 55., by post $s, 3d. 

JL 2T G- Xj X IST Oh. 


FRANCIS FRANCIS. 

Author Of Book on Angling^* *'By Lake and River Hot Pot” 6V. 

003SrT::E33ST17S. 


Preface. 

Chap. 

I. — ^The Art of Angling. 

II.— Mid- Water Fishing. 

III. — Surface or Fly Fishing. 

IV. — The Gudgeon, the Pope or Ruff, 

the Bleak, the Roach, the Rudd, 
the Dace, the Chub, the Barbel, 
the Bream, the Carp, the 
Tench, the Perch. 


Chap. ' 

V.— The Pike. 

YI.-^Tront Fishing with Bait. 
VII. — Fly Fishing for Trput. 
VIII.— Trout Flies. 

IX.— Grayling Fishing. 

X. — Salmon Fishing. 

XI. — Salmon Flies. 

XH.— On Tackle Making. 
Addenda. 


Post & 90 .t in clothf price 55., by post 55. 4<f. 

HOT-POT. 

MISCELLANEOUS PAPERS 

BY 

FRANCIS FRANCIS. 

Author Iff '‘A Book on Angling, " '•By laht and River," " Angling," Ate. 
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Demy ^vo,, with folding plates and full~page illustrations printed 
on toned paper, price 2 \s,, by post 21s. gd. 

MODERN 

WILDFOWLING. 


LEWIS CLEMENT, 

" WiLDFOWLBR.” 


CONTENTS. 


Punting, 

Chap. 


III. 3 

IV. ) 

V. [l 

VI. ) 

VII. —] 

VIII. —. 

X. — ' 

XI. —] 


. — Introduction. 

Muzzle-loading ^ Punt Guns 
(Flint, Percussion and Copper 
Tube Ignition. 

Breechloading Punt Guns. 


XII. l 

XIII. 

XIV. , 
XV. r 

XVI. 

XVII. J 
XVIII.—] 

XIX.—] 

xx.^ 

XXI. I 

XXII. c 
XXIII.; 

XXIV. — 

XXV. V 
XXVI. j 


■Loading Punt Guns. 

■Aiming and Firing Punt Guns. 
•The Setting of Punt Guns. 
•Recoil and After-recoil Appa- 
ratuses. 


•Launching Punts and Canoes. 
Punting Accessories. 

Punting. 

-My First Single-handed Punting 

Trip. 

Amateur and Professional Punts- 


Chap. 

XXVII. ■) 

XXVIII. [ Shoulder Guns. 

XXIX.) 

XXX. — Flapper Shooting. 

XXXI. — Inland Duck Shooting. 
XXXII. — Sailing to Fowl. 

XXXIII > 

XXXIV 1 * Gun. 

XXXV. — Decoying in America. 
XXXVI.— American Blinds. 

XXXVII. — American Canvas - back 

Shooting. 

XXXVIII. — Shore Shooting. 

XXXIX.— Flighting. 

XL. ■) Curious Wildfowl and Sea- 
XLI. ) fowl Shooting Expedients. 
XLII. — Close Time and Wildfowl 
and Sea-fowl Acts. 
XLIIL— ** Wildfowler’s " Table of 
Loads. 

XLIV. — Netting Plovers and Snipe 
Snaring. 

XLV. — Snaring and Hooking Sea- 
fowl on the Continent. 
XLVI. — Decoying into the “Pipes.” 
XLVII. — Flight Ponds and Rock 
Fowling. • 

XLVIII. — Concluding Remarks. 


OPINIONS OF THE PRESS. 


- ..This brok deals not only with the various modes of approaching, or decoying, and killing wildfowl 
of all kinds, but enters into minute details upon the construction of punts, both single and double hand^ ; 
sails; punt mu«le-loa^ng as well as breechloading; recoil apparatus; and shoulder guns of all 
patterns, wtn theyarsnng loads rratured for different bores. In addition to this are sever^ chapters devoted 
to a narraUon of the ^ventures of Ae auttor while in pursuit of wildfowl, both at home and abroad— which 
are very pleasant readi^. . . . . . With the ad^tion of a good index, sportsmen will have in this work a 
capital vadt nueum on tM art of wildfowUng.**— TVie Zoohgist lor Novemb^ i8^ 
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Second Edition. Large post Svo.t price 75. 6rf., hy post 8s. 

THE 

"IDSTONE” PAPERS. 

A SEEIES OP AETICLES AND DESULTOET OBSEEVATIONS ON 
SFOET AND TEINOS IN OENEEAL. 

BY 

"IDSTONE,” 

Of “The Field.” 


OOISTTEDSTTS- 

Chap. 

-Agpricultural Labourers. XVI.— 

-The Rough Rider. XVII.— 

-The First of May. XVIII.- 

Strictly Confidential.” XIX.— 

-Shooting Dress. XX.— 

-Some Old Portraits. XXL— 

-Dens and Sanctums. XXII.— 

-The Rat-catcher. XXIII.- 

-Early Morning in London. XXIV.— 

-The Earthstopper. XXV.— 

-The Shooting Pony. XXVI.— 

-Whistle and Whip. XXVII.- 

-Old Traps and Spring-guns. XXVIII.— 

-Tom Frere the Hard-riding XXIX.— 
Farmer. XXX.- 

-Expecting Brown. XXXI.— 


•Brown in the Country. 

-The Earthstoppers’ Feast. 
-The White Snipe. 

•Swans and Eagles. 

-The Philosophy of Missing. 
-Shooting in Alderney. 
-Shirkers. 

-Our Black Heath. 

•Traps and Calls. 

-Northward. 

-A Bright October. 

-Varied Shooting. 

The End of the Season. 

-On Beating for Game. 

-Land Valuers and Stewards. 
-Snipe Shooting. 


This work is admirably adapted for use as a Sporting Tourist's 
Handbook, while it is of absorbing interest to the general reader. 

Large post Svo.j price 6s, 6d,f by post 6s. lod, 

s:keto::hes 

OF 

LIFE, SCENERY, and SPORT 

IN 

NORWAY. 

BY 

Rev. M. R. BARNARD, B.A., 

Aathor of "Sport in Norway and Wlra to Find It," " Ufe of ThrawO^," md Tmndatot of "Pthnte 
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yutt PuMi^ted, fkr®. jSifr. 4J63, »«* 3a UhtstnOions, print 16s., 6y pnt i6s. lorf. 

ESSAYS 

ON 

SPORT AND NATURAL HISTORY. 

B y J. E. HABTIK a. 

CONTENTS. 

Shooting— Hawking— Fishinff-- Training: Hawks— Lark Mirrors- Plover (^tching— Fishing with 
Cormorants— Deco3rs—lne Iridi wolfhound— The Badger— Wild Turkeys— The G^at Bustard— Seals- 
Wild Swans, &c. 

Thirty^ight Essays : concluding vdth Practical Hints on Bird Pressrving for the use of Travellers and 
Collectors. _ 

In demy 8von jndee 5 s. iiy 3 s% gd, 

h:zitts 

ON 

THE MANAGEMENT OF HAWKS. 

By J. E. HARTING, 

Author of ** A Handbook of British Birds,** ** Essays on Sport and 'Hatural History P 
Large post 8wo., price 6s., by post 6s, 4d, 

RAMBLES AFTER SPORT; 

OR, 

TRAVELS MD ADVENTUBES IN THE AHEBICAS AND AT HOME. 

BY 


CONTENTS. 

A Week's Duck Shboting dt Poole^That Sheldrake— Quail Shooting'inQaIifotmia*^Bear Hunting in 
Mexico— Bear Shooting in California— My First Elk— My Last Bear-^ound Cape Horn, Valparmso, 
Santiag^Andacollo, Umau Panama, Jamaica— Country Sports and life in CWle— Shoeing in Chile— Two 
Days' Fishing in Chile— ‘‘^Toling " tor Ducks in Califomiar-Up the Sacramento— The White Elk of 
Astoria— Sport in the Coast Range Mountains. 

In iarge post 8vo*j limp cloth, price Ss. dd,, by post Sts. Sd, 

COLORADO: 

ITS 

AGHCULTUBE, tSTOCO^DSlG. msm. AND SHOOTING. 

BY 

S. NUGENT TOWN8MEND, J.P. 

(**ST. KAMES.") 

In One Map, bound in red doth, mounted on canvas, sise 25m. by 2$in., price 45. 6d,, 

by post 45. 8d, 

THE “FIELD” HUNTING MAP 

(PRINTED IN COLOURS), 

GIVINO THE NAMES AND DISTRICTS OF EACH FACE OF HOUNDS FROM 
OARLISLE TO LAND’S END. 
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Now ready VOLUMES I, and IL (containing Parts /. to VLJt in crown 600., red 
clothe price by post 6s, 6d, 

THE 

HUNTING COUNTRIES 

OF 

ENGLAND, 

THEIR PAGILITIES, GHARACTER. AHD REQUIREMEHTS. 

A GUIDE TO HUNTING MEN. 

By “BROOKSBY.” 


Introduction. 

The Belvoir. 
llie Sou^ Wold. 


The North Warwickshire. 

The Pytchley. 

The Woodland Pytchley. 

The Atherstone. 

The Billesdon or South Quom. 
The Meynell. [Hunt 

The Bicester and Warden Hill 


The Dulverton. 

The Stars of the West. 

Mr. Luttrell’s. 

Lord Portsmouth’s. 

The Essex and the Essex Union. 
.The Hertfordshire. 

The Whaddon Chiue. 


OOlsTTEnSTTS. 
PART I. 

The Brocklesby. 1 

The Burton and The Blankney. I 
The Fitzwilliam. I 

The Quorn. I 

PART IL 

The Heythrtm. 

The Old Berkslure. 

The South Oxfordshire. 

The South Nottinghamshire. 

The East Kent. 

The Tickham. 

The Vine. 

PART TTT- 
The Vale of White Horse. _ 
The Cheshire and South Che- 
shire. 

The Blackmoor Vale. 

The Cambridgeshire. 

The Duke of Grafton’s. 

The Holdemess. 


The Cottesmore. 
The Puckeridge. 
The Old Berkeley. 


The South Berk^ire. 
Mr. Garth’s. 

TheH. H. 

The Tedworth. 

Lord Ferrers’. 

The WarwickdiiiB. 


The Oakley. 

The North Herefordshire. 
The Duke of Bucdeuch’s. 
The 'l^nedale. 

Lord Percy’s. 

The Morpeth. 

The Rufitord. 


Also now ready (VOLUME IL), 


The Badsworth. 

The Southdown. 

The East Essex. 

The Bramham Moor. 
The East Sussex. 

The Essex and Suffolk. 
The York and Ainsty. 


The Old Sumy. 
Mr. Richard Comb 
The Burstow. 

The Hurworth. 
trhe Cattistock. 

The Suffolk. 

The Shropshire. 

Lord Middleton’s. 
The Sinnington. 
The Wheatland. 
The United Pack 
TheChiddi^old. 


PART IV. 

Lord FitzwUliam’s. 

The Crawley and Horsham. 
The West Kent. 

Sir Watidn Wynn s. 

The Hursley. 

The Hambledon. 

Lord Coventry’s. 

PART V, 

The Earl of Radnor’s. . 
Capt. Hon. F. Johnstone s. 
The South Durham. 

The Worcestershire. 

The Ledhu^. , , , . 

The South Herefordshire. 
The South Staffordshire. 

PART VL 

Lord Fitzhardii^’s. 

Hon. Mark Rolle’s. . 
South-and-West Wilts. 
LordPortman's. 

The Cleveland. 


The Grove. 

The West Norfolk. 
The Bedale. 

I^id Zetland’s. 
The Craven. 

The Surrey Union. 


The hlorth Staffovdddre. 
The Duke of Beaufort’s. 
The Cotswold. 

The Dumfriesslure. 

The Albi^hton. 

The Norm Cotswold. 


The North Durham. 

Braes of Derwent. 

Tte Radnorshire and West 
'Heraforde 

The Monmo irth riiire. 


\ part is published separately^ priee Ms, 6d. 
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Third Edition. Large post Svo., price js. 6d, clot\ by post js. lod, 

FACTS AND USEFUL HINTS 

RELATING TO 

FISHING AND SHOOTING 

TO WHICH IS ADDED 

A List of Recipes for the management and Cure of dogs 
IN Disease. 

Edited by I. E. B. C., 

Editor of “ The Gamekeeper’s and Game Preserver’s Account Book and Diary/* Sec. 


OOIsT'I'ETjT'rS- 

FISHING. 

Baits — Fish — Fish Hatching — Flies and Fly Making — Flights — Floats — Gut — Lines 
— Miscellaneous — Nets — Ponds and Streams — Rods — Wading Boots — Wax. 

SHOOTING. 

Birds and Beasts — Breeding — Coverts — Deer — Dogs — Ferrets — Foxes — Guns — 
Kennel — Miscellaneous — Nets — Preserving— Rabbits — Rifles — 

Traps — Vermin. 

Appendix. — Diseases of Dogs. 


In post 8vo., with Illustrations, price 3 s. 6^. 

The Practioal Management of Pisherieg. 

A BOOK FOR PROPRIETORS AND KEEPERS. 

By FRANCIS FRANCIS. 

Author of Fish Culture,** "A Book on Angling,** ” Reports on Salmon Ladders,^* &c. 


Chap. 

I. — Fish and Fish Food. 

II _How to Grow Fish Food and how 
to Make Fishes’ Homes. 


ooi^rTsisrTS- 

i Chap. 


VI.— On the Rearing of Fry and 
the Conduct of Ponds, Stews, 


10 maKc jTisiica AAviiiw. Mil- • 

TIT On the Management of Weeds and VII. — Some Hatcheries. 


the Economy of Fishing. 

lY. The Enemies of Trout and how to 

Circumvent them. 

Y. ^The Artificial Incubation of Ova. 


VIIL— Coarse Fish. 

IX. — On Salmon and Trout Ladders 
and Passes. 

Appendix.— N otes, &c. 
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N<m reedy, quarto, price 5*., by post $«. 

THE 

GAMEKEEPER’S AND GAME PRESERVER’S 

atwtmt JSooft anir liatg. 

By 1. E. B. C., 

E^tor of " Facts and Useful Hints relating to Fishing and Shooting/* ** The Angler's Diary.” &c. 


Its Sections comprise— 


The Shooting and Its Guardians. 
Memorandum of Agreement. 
Receipts and Payments. 

Vermin Diary — 

General Summary. 

Poultry Diary — 

Receipts and Payments. 

General Balance SheeL 

Pheasant Diary — 

Receipts and Expenses. 

General Balance Sheet. 


Dog Diary — 

Kennel Names. Ages. Value. &c. 

Kennel Occupants at the beginning of each 
Quarter oi the Year. 

Produce Register—Bitches. 

Stud Register. 

Pedigrees. 

Receipts and Expenses. 

General Balance Sheet. 

Game Diary — 

Total Summary of the Season. 

Produce of the Beats or Coverts. 

Tenants* &c., to whom game should be given. 
Inventory of Appliances. &c. 

Stock Valuation. 


General Balance Sheet for the Year. 


/n handy pocket sine, price ir. 6d., by post is» qd, 

THE 

Gamekeepep'g Shooting Hemorandum Book 

rOR THX 

Registering of Game Shot, Memoranda of Sale, &c. 

I* S. S. C.y 

Editor of " Facts and Useful Hints relating to Fishing and Shooting,” ” The Gamekeeper’s and Game 
Preserver's Account Bow and Diary. See. 


Crown 8fOO,, price 2 s, 6d.f by post 2S. gd, 

PUBLIC SHOOTING QUARTEES 

IN 

ENGLAND, WALES, SCOTLAND, IRELAND, AND ON 
THE CONTINENT. 

BX" “ WII.DI’O'WIjBiB.” 

Author of ** Shooting and Pldiing Trips,” ** Modem Wildfowling,” “Table of Loads.** Ac. 
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Third Edition, Enlarged and Revised. Large post 8vo,, with Illustrations, 
price 55 . cloth, by post Ss. 4 ^. 

THE COUNTRY HOUSE: 

A Collection of Useful Information and Recipes, 

Adapted to the Country Gentleman and his household, and of the greatest 
utility to the housekeeper generally. 

By I. E. B. a, 

Editor of ** Facts and Usefid Hints relating to Fishing and Shooting.” and “ The Gamekeeper's and 
Game Preserver's Account Book and Diary." 


Published Annually. In post Svo., price is, 6d., by post is. 8d. 

THE ANGLER’S DIARY 

AND 

TOURIST FISHERMAN’S GAZETTEER 

CONTAINS 

A Record of the Rivers and Lakes of the World, to which are added a List of Rivers 
of Great Britain, with their nearest Railway Stations. 

Also Forms for Registering the Fish taken during the year ; as well as the 
Time of the Close Seasons and Angling Licences. 

By I. E. B. C., 

Editor of “The Gamekeeper's and Game Preserver’s Account Book and Diary," &c. 


Fourth Edition. In f cap, 8vo., price is., by post is. id. 

GROUND GAME ACT, 1880, 

WITH EXPLANATORY NOTES, 

Indicating the various periods at which the law comes into force under different 
conditions, its effect on existing contracts between owners and occupiers of land, and 
the lessees of sporting rights, the limitations placed upon the killing and selling of 
ground game, and other matters included in the Act. 

“ Will be a great convenience to magistrates, and to all persons affected by the 
Act." — Saturday Review. 


Third Edition. In fcap. 8vo., price i^., by post is. id. 

WILD BIRDS’ PROTECTION ACT, 1880, 

WITH COMMENTS ON THE RESPECTIVE SECTIONS 

Explanatory of their bearing as regards owners and occupiers of land, sportsmen, bird 
catchers, bird dealers, &c. ; together with Notes on the Birds named in the Schedule, 
their provincial names, &c. 

“ An accurate exposition of and commentary on the recent measure, and will dispel 
many misconceptions of its scope.” — Quarterly Review. 

“ A capital annotated edition of the Act.” — Saturday Remew. 
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Second Edition. In demy Sro., price lOs. 6d., by post i is. 

Estate Management; 

II ^tactical f^antiiboolt for Isantilottis, Stetoatlis, anti pupils. 


LEGAL SUPPLEMENT BY A BARRISTER, 


Tenant Right from a Landlord’s Point of View. 

BY CHARLES E. CURTIS. 


Extract from Preface. — “ He who intends to qualify himself for such interesting and 
responsible work as the care and oversight of landed property must, in these days of 
keen competition, give up the idea that he need only abandon himself to the pleasures 
of a country life, and that all needful information will be picked up by the way.” 


ooiTTEisr'rs. 


Chap. 

I. — Letting and Leases. 

II. — Farm Valuations. 

III. — Forestry. 

IV. — U nderwood. 

V. — Fences. 


^IX* } Materials. 

X. — The Blights of Wheat and other 

Cereals. 

XI. — Accounts. 


VI. — Grasses suitable for Woods and ! XII. — Useful Rules of Arithmetic and 


Plantations. 

VII. — The Home Farm. 


Mensuration. 


In crown 8vo., price is. 

CATECHISM OP ESTATE MANAGEMENT. 

SECTION I. 

LETTING AND LEASES. 

By CHAS. E. CURTIS, F.S.I., 

Professor of Estate Management at the College of Agriculture, Principal of the School of Estate 
Management, Author of** Estate Management,*' &c. 


Price 6d.f by post ^d.; or 25. 6d. the half-dozen. 

“THE FIELD” 

DUPLICATE JUDGING BOOK 

Facilitates the work of the Judges at Poultry and other Shows, by a very simple 
method of entering and preserving a duplicate judging list. 


“THE FIELD” OFFICE, 346, STRAND, W.C. 
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L I 

SECOND EDITION, Greatly Enlarged (with Illustrations and Plans of Silos). 

fus/ published, price f>s., ,by post 6s. 6d. 

SILOS 

FOR 

PRESERVING BRITISH FODDER CROPS STORED 
IN A GREEN STATE. 

NOTES ON THE ENSILAGE OF GRASSES, GLOVERS, VETGHES, 4C. 

Compiled and Anftotated 

BY THE 

SITB-EDITOR OP “THE FIELD.” 


CONTENTS. 

Introductory .-“Cattle-feeding v. corn-growing; preiious information on the storage of green fodder in 
pits : silos in ancient and modem times. 

CHAP. 

I.— Summarj' of Practice. 

II.— Croi'S for the Silo.— Grasses, clovers, lucerne, vetches, maize, green rye and oats, spurrey, buck- 
wheat, comfrey, roots, and miscellaneous crops. 

III. — The Varkji'.s Kinds or Silos.— Earthen pits and other simple forms of silos; barn and other 

converted silos ; specially constructed silos of stone, brick, concrete, wood, &c. ; ensilage stacks and 
barrels. 

IV. — Cost of Silos.— Estimation of capacity; cost of British silos, specially constructed; converted 

huildings; patent silos of concrete slabs, slate, and wood ; French silos; relative capacity and cost 
of bilos and h.-iy-barns; roofs. 

V.— Filling thk Silo.— Mixture of dry material with green fodder ; influence of wetweather; chopping 
up the fodder; slow v. quick filling; curbs or super-silos; the use of salt; trampling down the 
fodder. 

VI.— Covering and ('losino the Silo.— S traw and other materials; the covering bo.ards; closing the 
doorway. 

VII,— Weioutino the Silo.— Amount of weight to put on ; consequences of insufficient pressure ; expres- 
sion of juice from the fodder; mechanical arrangements for pressure; cost of apparatus. 

Vlll.— Oi’ENixo THE Silo.— P recautions to be taken in uncovering the silage, and removing the weights. 
IX— liFFEi'T OK Ensilage on Fodders.— Fermentation in the pit; advantages and losses produced by 
fermentation ; reduction in weight and altered proportion of constituents of silage, resulting from 
excessive fermenUition. 

X— Feeding Qualities ok Silage.— Effect of amount of moisture in diluting the nutrient matters; 
comparative money value of green fodders and silage; results of feeding experiments on the 
condition of the animals and the production of milk and cream ; silage for horses, sheep, &c. 

XI. — Effect of Silage on Dairy Produce.— Complaints of bad ^vour in milk and butter; causes 

of conflicting reports. 

XII. — Cost of Haymaking v. Ensilage.— Differences of cost of the process under various conditions. 

Just published y price 6d,y by post yd, 

SHORT NOTES ON SILO EXPERIMENTS 
AND PRACTICR 

(Extracted from “ Silos for Preserving British Fodder Crops.”) 

“THE field” office, 346, STRAND, W.C. 
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Illustrated with numerous Woodcuts, post price 5*., fy post $*• 3^* 

THE 

INTERNAL PARASITES OF OUR DOMESTICATED 
' ANIMALS: 

A MANUAL OF THE ENTOZOA OF THE OX, SHEEP, 
DOG, HORSE, PIG, AND CAT. 

Bt T. SBENCEB COBBOLD, H.D., F.L.8. 


In crown price 2 s. 6d., by post 2 s. 

MANURES : 

Theip Respective fflepits f^om an Economical Point of View. 

By A. W. CREWS, 

Author of "Guano : its Origin, History, and Virtues,*' “ The Potato and its Cultivation," &c. 

CONTENTS. 

PART I. — Definition of the Word “Manure” — Nature’s Modes of Applying 
Fertilisers — History — Classification. 

PART II. — The Value of Ploughing Down Green Crops — Weeds — Sea.weed — 
Straw — Sawdust — Tanners' Bark — Wood Ashes — Peat — Rape Cake — Hemp— Poppy, 
Cotton, and Cocoa>nut Cakes — Bran — Malt Dust — Brewers’ Grains — Coal — Soot- 
Charcoal. 

PART III. — Dead Animals — Fish — Blood — Animalised Charcoal — Bones— Horn 
— Woollen Rags, Hairs, Feathers, &c. — Night-soil — Farm-yard Manure — Guano. 

PART IV. — Salts of Ammonia — Salts of Magnesia — Salts of Potash — Salts of 
Soda — Common Salt — Lime and its Compounds — “ Ooze.” 


In crown 8wo., price 2s., by post 25. 2d. 


TIE POTATO AOT) ITS CULTIVATION. 

By A. W. CREWS, 

Author of “ Guano ; its Origin, History, and Virtues,** ** Manures : thrir Respective Merits," &c. 


CONTENTS. 


Derivation — History — Constituents — Varieties — Sprouting — Soils — Planting — 
Manures— Earthing up— Disease— Scab— Storing— Forcing — Producing Hew 
Varieties — Substitutes for the “ Potato” — Miscellaneous Information. 
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Oemy Zao., price 3s. 6 d., by post 3s. gd., Illustrated with several Diagrams. 

THE 

PRACTICAL SURVEYOR; 

A TREATISE UPON SURVEYING. 

SPECIALLY ARRANGED FOR THE GUIDANCE OF PUPILS, 
STEWARDS, THE SCHOLASTIC PROFESSION, AND 
INTENDING EMIGRANTS. 

By THOMAS HOLLOWAY. 


C02STTE3KTTS- 


— The Man and his Outfit. 

-The Chain — Cautions to Beginners— Best 
F igure for Chain Surveying. 

—Boundaries. 

-Setting-out Lines by the Eye and passing 
Obstructions. 

—Division of the Circle and Use of Box 
Sextant— Chain Angles Condemned— Cross 
Staff Condemned— The Optical Square- 
Measuring Inaccessible Distances. 

—The Theodolite— Setting-out Lines with the 
Theodolite. 

—Reduction of the Measure of Undulating 
Ground to Horizontal Measures and Table 
of Vertical Angles, 

—Measuring Lines — The Offset Staff and 
taking Offsets. 

—To Prove the Correctness of Observations 
taken with the Sextant — Single Fields 
Measured with the Chain and Optical 
Square, so that the Areas can be directly 
Calculated. 

—To Set-out a Right Angle with the Chain — 
Figures of the Lines of Measurement best 
adapted to Irregular Fields. 

—Equalising Boundaries, and Drawing a 
Triangle equal to a given Figure. 

—Computation of Arrears of Irregular Fields. 


XIII. — Example of a Survey of several Fidds 

together, and the Field Book. 

XIV. — Reference Numbers to Maps — To put 

Detached Buildings in correct Positions 
on a Plan by Means of Unmeasured 
Lines— Lines Measured on the Work — 
Making Stations. 

XV.— Plotting — Selection and Management of 
Paper— Inking In. 

XVL— Surveys made Tor the purpose of Dividing 
Land into Stated Quantities. 

XVII.— Setting-out Allotments and Building Plots. 
XVIIL— Angles and Bearings, and Use and Adjust- 
ment of Circular Protractor. 

XIX.— Traverse Surveys. 

XX.— Trespass. 

XXL— Quality Lines— Superstructures and Works 
Underground — Harvest and Ccmpice 
Work— Reducing Plans from a Large 
Plan to a Small One. 

XXII.— To Copy a Map— Colouring, Penmanship, 
&c. 

XXIIL— Commencement of a Parish Survey— Sur- 
veying to a Scale of Feet. 

XXIV.— Town Surveying. 

XXV. — Testing the Accuracy of a Survey— General 

Remarks. 

XXVI. — In Memory of the Past. 


In ctoTon 8 vo., noith Thirteen fulUpage Plates, price 2^. td., by post 2s. gd. 

The Swimming Instructor: 

A TREATISE ON THE ARTS OF SWIMMING 
AND DIVING: 

By WILLIAM WILSON, 

Author of “ Swimming, Diving, and How to Save Life,” “ The Bather’s Mannal,” 

“ Hints on Swimming.” 


“THE field” office, 346, STRAND, W.C. 


A CATALOGUE OF BOOKS 


P 26 




Second Edition. In Three PartSy large post 8®o., price 55., by post 68. 4d. 

each Part. 

THE 

Farm, Garden, and Stable. 

By I. E. B. a, 

Editor of “The Gamekeeper’s and Game Preserver’s Account Book and Diary.” 


co3sra?E3srTS. 

Part I.— The Fshrnu Ss. 4d. by Post. 

Cattle — Crops — Dairy — Diseases — Fencing — Food for Stock — Manures — 
Miscellaneous — Pigs — Sheep — Soils — Weeds — Woods. 

Part II.— The harden. Ss. 4d. by Post. 

Flowers — Fruit — Houses — Lawns — Manures — Miscellaneous — Seeds — ^Trees and 
Shrubs — Vegetables — ermin — Weeds. 

Part III.— Tlie Stable. 6s. 4d. by Post. 

Carriages — Diseases — Feeding — Harness, &c. — Miscellaneous — Stable Management. 


Published Annually. Demy 410., price is., by post i^. 2\d. 


AND 

SPORTSMAN’S ILLUSTRATED CALENDAR FOR 1884. 


COITTEITTS. 


ANGLING. —Notes on the Fishenes Exhibition- 
Sea Fishing Stations around the Coast, with 
description of Sport obtainable— Abstract of Bye- 
Laws under the Salmon Acts— Fishery Districts 
in England and Wales, their Coast Limits, &c.— 
Close Seasons for Salmon, Trout, and other Fish 
—The Thames Fishery Bye-laws— Cost of Rod 
Licences for Salmon and Trout in different 
Fishery Districts. 

ATHLETICS.— Summary of the Season of 1883— 
Bests on Record, &c. 

BICYCLING AND TRICYCLING. -Best Per- 
formances up to 100 miles. 


CATTLE. — Cattle Breeders’ Prospects — Portraits 
of Norfolk and Suffolk Polled Cattle— List of 
Herd Books and .Stud Books— List of Fairs, 
showing where the different Breeds of Cattle, 
Sheep, and Pigs may be purchased. 


CRICKET.— The Cricket Season of i883“English 
Cricketers in Australia. 

FAIRS AND MARKETS.- List of Fairs and 
Markets, showing where the different Breeds 
of Horses and Ponies, Cattle, Sheep, and Pigs 
may be Purchased. 

HORSES— Breeding and Breaking Nag Horses for 
Sale— List of Stud Books, &c.— Ketrosj)ect of 1883 
—Turf Notes, &c.— List of Fairs, showing where 
the different Breeds of Horses and Ponies may 
be purchased. 


HUNTING.— Changes and Prospects in Hunting 
Countries— Packs of Hounds; their Masters, 
Huntsmen, Whips, Kennels, &c. 

LAWN TENNIS.-Notes on the Tournaments of 
1883, with Usts of Winners of the Various 
Championships. 


RACQUETS AND TENNIS. - Results of the 
Oxford and Cambridge Matches^ and the Public 
Schools Racquets Challenge Cup, from their 
Commencement to the Present Time. 


ROWING.— Boat Racing in 1883. 

Results of the Oxford and Cambridge Matches 
from the Commencement to the Present Time. 


SKATING.— Best Amateur Performances up to 
50 Miles. 

SHOOTING.— Notes on Partridge Shooting— The 
** Field" Trial of Rifles, with Diagrams and 
Tables— The I..«gal Seasons for Killing Came, 
Wildfowl, &c. 

THE TURF.— Notes on Racing in 1883— Race and 
Steeplechase Fixtures of 1884. 

YACHTING. — Yacht Racing in 1883— Summary 
of Matches Sailed, with Ust of Winners, amount 
of Prizes, &c.— Steam Yachting, with Plan of the 
Gitana, and Comparative Table of twelve of the 
largest Steam Yachta— Notes on the Tide Tables. 


MISCELLANEOUS.-Calendarof the Month. &c. 
—Parcel Post Regulations. 
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Published Half-Yearly. Fcap. Svo., price los. 6d.f by post los. lod. 

THE 

COURSING CALENDAR. 

IT CONTAINS 

RETURNS OF ALL THE PUBLIC COURSES RUN IN GREAT 
BRITAIN AND IRELAND, 

REVISED LIST OF ADDRESSES OF COURSING SECRETARIES, 
JUDGES, SLIPPERS, AND TRAINERS ; 

LIST OP MEMBERS OP THE NATIONAL CLUB, REPORTS OP THE MEETINGS, 

AND 

A COMPLETE LIST OF WATERLOO CUP WINNERS. 

Edited by “STONEHENGE,” 

EDITOR OF “ THE FIELD,” 

Author of '‘^The Dogs of the British Islaitdsf ‘*The Modern Sportsman's 
Gun and Rifle," &c. 

Published Annually. In large post ^o. 


KENNEL CLUB STUD BOOK: 

CONTAINING A COMPLETE 

RECORD OF DOG SHOWS AND FIELD TRIALS, 

WITH 

PEDIGrEEES OP SPORTING AND NON-SPORTING DOGS. 

Vol. I., from 1839 to 1873, price 12s. 6d., by post 13s. 

Price lOs. 6d., by post lOs. lOd. each— 

Vol. II., 1874; Vol. III., 1875; Vol. IV., 1876; Vol. V., 1877; 
Vol. VI., 1878; Vol. VII., 1879; Vol. VIII., 1880; 

Vol. IX., 1881; Vol. X., 1883; Vol. XI., 1883. 

Vole vm to XI, are also pulilished in Four Parts, as follows: 

Newfoundland Shw Rules, Reports of Shows, and Pedigrees of Fox Terriers, Wire- 

Viatrofl 'PerrierSt and Uachshuiids. Price 

part IU.-Containing the Field Tri.-,! Rulra. Reports of Shows, Reports of Field Trials, and Pedigrees 

oI Rules, Riwrts of Shows, and Pedigrees of BuIIdon, Bull Terriers, 

PART Terriers, ^dlington Terriers. Skye Terriers, English and Smooth- 

Black and Tan Terriers Pomeranians, Maltese, Italian Jr^hoimds, Pugs, Henheim Sj^niels, 

sSSKSh<iatedToy Terriers, Irish Terri«s, and Foreign. 
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Third Edition. Price ys. 6d., by post ys. lod. 


FIGURE SKATING; 

BEING 


The Theopj and Praetiee of the Art as Developed in England, 

WITH 

A GLANCE AT ITS ORIGIN AND HISTORY. 

By H. C. VANDERVELL and T. MAXWELL WITHAM 

(members of the LONDON SKATING CLUB). 


There are thousands of skaters who attain a small amount of skill in Figure 
Skating, and there stop, because they neither know what to do or how to do it. A 
reference to this, the acknowledge Text Book of Figure Skating will solve any 
difficulty that may have stopped progress for years. 


Fourth Edition. In post limp cloth^ gilt^ price 2s. 6d., by post 2s. 8d. 

THE ART OF SKATING; 

with 

ILLUSTRATIONS, DIAGRAMS, AND PLAIN DIRECTIONS FOR THE 
ACQUIREMENT OF THE MOST DIFFICULT AND GRACEFUL 
MOVEMENTS. 

By GEORGE AITOEBSON (^'Cyclos'’), 

Vice*President of the Cn'stal Palace Skating Club, and for many years President of the 
Glasgow Skating Club. 


yust Published f price 55., by post $5. 2 d. 

“COMBINED FIGURE SKATING;” 

BEING 


A COLLECTION OF 300 COMBINED FICURES, AS SKATED BY THE SKATING CLUB, 
LDNDON, THE WIMBLEDON SKATING CLUB, &C. 


Illustrated by 130 scaled diagrams, showing the correct direction of every curve 
executed by the skater, and the recognised amount of circling round the centre: 
together with a progressive series of alternate “ calls.” 

The figures are named in accordance with the revised system of nomenclature 
and rules of combined figure skating, compiled by the Skating Club, London, Sept. 1 1 , 
1882. 

Diagrams of the combined figures in the first and second class tests of the 
National Skating Association are included. 


By Montagu S. F. Monier-Williams and Stanley F. Monier-Williams 

(Members of the Wimbledon Skating Club). 
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In crown price 5^., by post $s. 4^. 

BOAT-RACING; 

OR, 

The ARTS of ROWING and TRAINING. 

BY 

EDWIN DAMPIER BRICKWOOD. 

(ex-amateur champion op the THAMES.) 


coisTTEisrrs. 


ROWtNG. 

CHAP. 

I* — Introduction ; Past and Present Condition of 
noatracing-. 

, 11 —Racine Boats : Their History and Fittings. 
III«— Ihe Sliding Seat: Its Invention, Adoption* 
and Theory. 

IV. — How to Use an Oar, and Sculls. 

V.— Faults and Errors : What to avoid, 
yi.— Steering : Coxswain and Non-coxswain. 

\ II.— Teaching Beginners. 

VIII.— (Coaching for Races, and Selection of Crews. 

IX.— The Varieties and Conduct of Doatraces. 

X.— The Laws of Boatracing. 


XL— The Qualifications of Amateurs. 

XI L— Boat CMubs : Their Organisation and 
Administration. 

XIII. — Historical Records, A.n. 1715 to 1838. 

XIV. „ „ A.D. 1839 to 1855. 

XV. „ A.D.i8s6toi87S. 

TRAINING. 

XVI. — Its Principles. 

XVIL— Its Practice. 

XVIIL— Prohibitions, Ailments, &c. 

Appendix.— Rules for Betting. 

Index. 


Published Annually^ price is., by post is. id. 

THE ROWING ALMANACK AND OARSMAN’S COMPANION. 

Edited by E. D. BRICKWOOD 

(Ex-Amateur Champion or the Thames), 

Author of Boat-Racing ; or, the Arts of Rowing and Training” 


COISTTSHSTTS. 


A Calendar w^ith Space for Memoranda and High 
Water I'able, with a Table of Tidal Observations. 
The Definition of an Amateur. 

Record of all Reguttiis and principal Club Races, 
with a copious Index. 

A Review of the Rowing Season, 

An Itinerary of the River Thames from Oxford to 
Putney, snowing all the points of interest, with 
Hotels, &c. 


A Rowing Directory. 

The Lengths of the different Racing Courses. 

The Laws of Boat Racing. 

Henley Regatta Rules. 

Metropolitan Amateur Regatta Rules. 

The Rule of the Road on the River. 

Thames Navigation Rules. 

Tables of W'inners of all the principal Races and 
Regattas. 


Fourth Edition. Large post ^o., price 6d., by post is. 8d. 

MODERN" ATHLETICS. 

BY H. F. WILKINSON, OF THE LONDON ATHLETIC CLUB. 


002a’a?E2S-TS- 


1.— Ancient Athletics. 

1 1 .—The Rise of Modern Athletics. 

III. — The Management of Athletic Meetings. 

IV. — Training. 

V.— Walking. 

VI.— Running. 


VI L— Jumping. 
VIII.-H 


ammer Throwing and Weight Putting. 

IX.— The Laws of Athletics. 

X.— Statistics. . 

XL— The Best Performances on Record. 
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■REPORTS on SALMON LADDERS, with 

Original Drawings, Plans, and Sections. By Francis Francis. In post 4^0., 
price 2 s. 6 d., by post 2s. yd. 

A MANUAL of the LAW of SALMON FISHERIES 

in ENGLAND and WALES, with a copious Index. By Spencer Walpole, 
one of Her Majesty’s Inspectors of Salmon Fisheries. Price 2s. 6 d., by post 2s. 8 d. 

UINTS on the MANAGEMENT of HAWKS. 

By J. E. HARTING. Containing full Instructions, for those who are 
desirous to take up Hawking, in all that relates to the Taming, Training, Feeding, 
Flying, and General Management of Falcons and Hawks. In i vol., 8vo., with 
Illustrations, price 3s. 6 d. 


A TABLE of CALCULATIONS for use with 

the " Field ” Force Gauge for Testing Shot Guns. Also an Illustration and 
Description of the Apparatus. In demy 4to., price 2s. 6 d. 

T-'HE RULES of PIGEON SHOOTING. Published 

by Special Permission, the Hurlingham Club and the Gun Club Rules of Pigeon 
Shooting. Second Edition. Bound together in cloth, gilt edges, price 6rf., by 
post yd. 


•THE RANELAGH CLUB RULES for Flying 

Clay Pigeon Shooting. Edited by Cholmondeley-Pennell. Cloth, gilt 
edges, price u., by post i^. \d. 


'THE LAWS of LAW^N TENNIS, as adopted by 

the Marylebone Cricket Club and the All England Croquet and Lawn Tennis 
Club. Entered at Stationers’ Hall. Price 6tf., by post 6irf. 

XHE “FIELD” LAWN TENNIS UMPIRES’ 

SCORE-SHEET BOOK (with Instructions for the use of Umpires). Adapted 
for the use of Umpires and Players, as used at the Championship Meetings. Price 6<f., 
by post t\d. 

THE ‘TIELD^^ LAWN TENNIS CALENDAR 

for 1884. Containing the Laws of Lawn Tennis ; List of Secretaries and their 
Addresses; Summary of the Season, 1883; On the Making of Tennis Lawns and 
Cinder and Gravel Courts ; with Full Reports of all Tournaments and Club Matches 
of the Season 1883. Edited by B. C. Eveleigh (of the “Field”). Price is., by 
post IS. 3^. 


'T’HE ITALIAN SYSTEM of BEE KEEPING; 

being an Exposition of Don Giotto Ulivi’s Economical Frame Hives and Honey 
Extractor. By Arthur J. Danyell, late Capt. H.M. 31st Regiment. With Illus- 
trations. Price IS., by post is. id. This pamphlet contains practical directions for 
the making and utilisation of frame hives, costing less than 2s. each, and a centrifugal 
honey extractor costing 5s. or 6s. 
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HISTORIGAL AHD DESCRIPTIVE ACCOUNT OF THE HAND- 
MADE ANTIQUE LACES OF ALL COUNTRIES. 

By L. W. 

This work contains the whole of the series of articles on Antique Point Lace which 
have been published in “ The Queen.” It will prove an invaluable guide and book of 
reference to ladies interested in Antique Lace, and, with its highly ornamental 
embossed cover, will form a handsome ornament for the drawing-room table. 

ENGLISH TRANSLATIONS OF THE CLASSICS. 

Post 8uo.f 540 pages j price js. 6d. 

HALF-HOURS WITH GREEK AND LATIN AUTHORS, 

FROM VARIOUS ENGLISH TRANSLATIONS, WITH 
BIOGRAPHICAL NOTICES. 

By G. H. JENNINGS and W. S. JOHNSTONE, 

Authors of “ A Book of Parliamentary Anecdote.” 

In post Svo.f price 5s., by post 5s. 4^. 

THE BARB ANB THE BRIBEE ; 


HANDBOOK of EQUITATION for LADIES, 

AND 

manual of INSTRUCTION IN THE SCIENCE OF RIDING FROM THE 
PREPARATORY SUPPLING EXERCISES ON FOOT TO THE FORM 
IN WHICH A LADY SHOULD RIDE TO HOUNDS. 

by ^vieille moustache.” 

Handsomely bound in clothe price 3s. 6c?., by post 3s. gd. 

ACTING CHARADES FOR OLD AND YOUNG. 

BY 

ARTHUR LILLIE, 

Author of “ The Enchanted Toasting Fork,” &c, 
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Published Annually. /« demy 4/1?., price is ., hy post is. 3^. 


THE 

ILLUSTRATED QUEEN ALMANAC 

And LADY’S CALENDAR FOR 1884. 


Among its contents will be found a Chromo-Lithograph Plate of Designs 
for Artistic Embroidery, Cross-stitch Work, &c. ; two Coloured Plates of Crochet 
and Knitting Designs ; numerous Designs for the arrangement of Plants for 
Decorative Purposes, and also Designs for Pottery Painting, China Painting, Beaten 
and Cut Brasswork, and numerous Designs for Fancy Ball Costumes, Children’s 
Costumes, &c. ; Recipes for Soups, Sauces, Invalid’s Dishes, &c. ; Amusements for 
Children, and other useful information. 


“You have not the book of riddles about you have you? ” — Merry Wives. 

Price 55 ., by post $5. 3rf. 

“Whetstones for Wits;” or, Double Acrostics. 

BY 

Edited by “CRACK.” 

? 

Second Edition. Price 2s. 6d., by post 2s. 8rf. 

OUR COMMON INSECTS: 

TO Eiq'T02!/E0L0(3-'Y-. 
By Mrs. E. W. COX. 


Fourth Edition. In demy ^to., on toned paper, and in fancy cover, price 2J., 
by post 2 s. 2d. 

THE BOOK OF DINNER SERVIETTES 

CONTAINS 

A New Intpoduetion on the Decoration of Dinner Tables, and 
General Directions for Folding the Serviettes. 

There are Twenty-one different kinds given, with Ninety-two Woodcuts illustrative of 
the various Folds required, and the Serviettes complete. 


In paper cover, price 6d. 

“ THE ” K/EOIFEIS. 

By *'THE G. C./’ Author of “ Round the Table." 

“THE QUEEN” OFFICE, 346, STRAND, W.C. 



ADVEETISEMENTS. 
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BENJAMIN EDCINGTON. 

MARQUEE, TENT, RICK CLOTH, AND FLAG MANUFACTURER, 

Special Appointment to the Queen and Prince of WaJes. * 

2, DUKE STREET, LONDON BRIDGE, S.E. 

(Opposite the Bailway Station.) 



SQUABE TENT FOB THE MOOBS. 


Tor Shooting or Fishing Expeditions the Square Tent is perhaps the most 
convenienti the Walls being 6 feet high. 

THE WHOLE IHTEBIOE SPACE IS AVAILABLE. 

There is a complete inner lining and conyenience for slinging a cot or Hammock, 

Extract from “Hints to Missionaries Travelling in Africa,’* 

3y Db Sotbbbn, London Missionary Society, 1880. 

** Nothing can be better suited to the requirements of an expedition than the excellent tents 
supplied us by Mr Benjamin Edoington, of London Brid^. They were made especially 
to order, and of different material to that generally used for Teats. 1 heartily recommend 
them.*' 

**W1LLESDEN” Patent Prepared 

WATER-REPELLENT ROT-PROOF COPPER CANVAS 

For Covers, Awnings, Sails, Blinds, and the numberless other uses 
for which a pliable Waterproof Canvas is required. 

Wbitb fob Samples to 

2, DUKE STREET, LONDON BRIDGE, S.E. 

ONLY OHE ADDBESS ; and to prevent mistakes the Full 
Ohristian Name must be Written. 
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GEORGE CORDING, 


125, REGENT STREET. 


231, Strand. 62, Piccadilly. 




